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ADVERTISEMENT. 


T H E Committee appointed by the Royal Society to direft the pub¬ 
lication of the Fhilofophical Tranfafiions, take this Opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in feveral former Trattfa&ions, that the printing of them was 
always, from time to time, the lingle aft of the refpeftive Secretaries, till 
the Forty-feveuth Volume: the Society, as a body, never intereftingthem- 
felves any further in their publication,than by occafionally recommending 
the revival of them to fomc of their Secretaries, when, from the particular 
circumftances of their affairs, the Tranfaffiont had happened for any 
length of time to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firft inftitution by the Royal Charters, 
and which they have ever fuice fteadily purfued. 

But the Society being of late years greatly inlarged, and their com¬ 
munications more numerous, it was thought advifeable, that a Committee 
of their members fhould be appointed to reconfider the papers read be¬ 
fore them, and fcleft out of them fuch, as they Ihould judge moft pro¬ 
per .for publication in the future Tranfattions ; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and Angularity of the fub- 
jefts, or the advantageous manner of treating them; without pretending 
to anfwer for the certainty of the fafts, or propriety of .the reafonings, 
contained in the feveral papers fo publilhed, which mull ftill reft on the 
credit or judgment of their refpeftive authors. 
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It is likewife neceffary on this occafion to remark, that it is an efta- 
tlifhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any fubjeft, either of Nature or Art, 
that comes before them. And therefore the thanks, which are fre¬ 
quently propofed from the chair, to be given to the authors of fuch pa¬ 
pers, as are read at their accuftomed meetings, or to the perfons through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeft lhewn to the Society 
l>y thofe communications. The like alfo is to be faid with regard to 
the feveral projefts,. inventions, and curiofities of various kinds, which 
are often exhibited to the Society; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft applaufe 
and approbation. And therefore it is hoped, that no regard will here¬ 
after be paid to fuch reports, and public notices; which in fome inftances 
.have been too lightly credited, to the dilhonour of the Society. 
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TRANSACTIONS. 


I. On the Nature of the Gorgonia; that it. is a real 
Marine Animal , and not of a mixed Nature , between 
Animal and Vegetable, By John. Ellis } F. R, S. in 
a Letter to Daniel Solander, M. D. F. R. & 


MY DEAR FRIEND, 

R. June 29, T x was your particular requeft, before you 
l77S * JL W ent to the South Seas, that I ihould conti¬ 
nue my refearches into the formation and growth of 
Zoophytes , more particularly of thofe formerly called Ce- 
ratophytons, now Gorgonia ; and known in Englifh by the 
name of fea-fans, fea-feathers, and fea-whips, to which 
, clafs the red coral ihould be added. This you thought 
the more neceflary, as the accounts already publiihed of 
them by the illuftrious Dr. linn^eus and Dr. pallas 
feemed to make them of a mixed nature in their grpwth, 
between animals and vegetables: a thing non eaiily to be 
reconciled, to the ufual operations of nature. 

Vol. LXVI. B 


I was 




a, Mr. ellis on the Gorgonia . 

I was fo fortunate about that time to receive from my 
right honourable friend the earl of Hillsborough, a 
moft excellent colledtion of different fpecies of thefe ani¬ 
mals preferved at the fea-fide in fpirits, by John grlc, 
efq. f. R. s. of Dominica. This hath enabled me to fhcw 
more clearly, that they are true animals, growing up in 
a branched form, and in no part vegetable. 

From the following obfervations it will appear, that 
the gorgonia is an animal of the polype kind, refembling 
the common frefh water polype in many of its qualities, 
but differing from it in the remarkable circumftance, of 
producing from its own fubftance a hard and folid fup- 
port, ferving many of the purpofes of the bone in other 
animals. Every one knows, that the common polype fends 
out its young from its fide, like buds, which being grown 
to the form of the parent animal, to which they ftill ad¬ 
here, fend out again their own young, like buds, ad¬ 
hering to themfelves; and this is repeated, till-at length 
the whole acquires a branched appearance, refembling a 
vegetable, fee fig. x. 

The gorgonia grows nearly in the fame manner; and 
hence arifes its refemblance to a fhrub, which hath given 
occafion to the miftake of placing it in the vegetable 
kingdom. But though the nature of thefe animals is fo 
much like the polypes , they differ in feveral circumftances; 
the moft remarkable is that which I have already men¬ 
tioned, the hard bone by which the gorgonia is fupported. 
This is nof formed by any kind of vegetation, but by a 
concreting juice thrown out from a peculiar fet of longi¬ 
tudinal 
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tudinal parallel tubes, running along the internal fur- 
face of the flefhy part. In the coats of thefe tubes are a 
number of fmall orifices, through which the ojjeous li¬ 
quor (if I may ufe the expreflion) exudes; and concret¬ 
ing, forms the layers of that hard part of the annular 
circles, which fome, judging from the confidence rather 
than the texture, have erroneoufly denominated wood. 

Dr. pallas, in his Blench. Zoophytorum, p. 162,. is of 
opinion, that the layers of which the wood, as he calls 
it, of the tougher gorgonia is compofed, may be fepa- 
rated into numerous longitudinal fibres; that the longi¬ 
tudinal Jlria , which frequently appear on its external 
furface, are owing to this ftradure; and that thefe fibres 
are in fad hollow, like the wood of trees, the cavity of 
the tubes being clofed up, as they become hard and rigid. 

I was nearly of the fame opinion when I was writing 
m y EJJay on Corallines , as may be feen in the Philofo- 
phical Tranfadions. vol. XLVIII. p. 18. and alfo p. 504. 
/. x 7. where I have compared the herring-bone coral¬ 
line, which is compofed of many little tubes, to the 
growth of lea-fans and fea-feathers, now called gorgonla ; 
and likewife in my Qbfervations on the Growth of the 
red and white Coral, fee Philofophical Tranfadions, 
vol. XLVIII. p. 504. if. 17-5 but experience has lince 
fully convinced me of the contrary: for upon the firideft 
examination with the microfcope, of the internal homy 
parts-of feveral of thofe gorgoriue frefh from the fea, 
and immediately preferved in fpirits, not the lead ajj* 
pearance of tubes within the homy part can be difcemed, 
either in the longitudinal or tranfverfe fedions. There 

B 2 is 
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is indeed a regular cannulated appearance on tlie furface; 
but this feems to be only an external moulding, and not 
formed by a feries of longitudinal tubes with interlliccs, 
as in plants; nor is it difficult to explain from whence 
fuch a moulding may arife. I have obferved, that the 
inner furface of the flefhy part contiguous to the bony 
or horny part, is fumifhed with longitudinal parallel 
tubes, which through certain pores fupply the ojfcous 
matter; this being foft at firft, and only afterwards be¬ 
coming hard, fo as neceffarily to take the form of the 
concave furface by which it is clofely preffed, and there¬ 
fore affiimes a ftriated appearance. This is plainly 
feen in fig. 2. a. where the ends of the tubes and the 
ftriated appearance on the gorgonia flahellum are ex- 
prefled; and at fig. 2. b. two of them are magnified. 

In the Ifis hippuris , or black and white jointed coral, 
which is very nearly a-kin to this genus, thefe tubes are ftill 
more clearly to be feen, as they are larger and the chan¬ 
nels much deeper, fee fig. 3. -where a is a part of the co¬ 
ral of its natural fize; b is an extremity of one of the 
branches magnified, with the bony part laid bare; c a 
part of the fame, with the bony part taken out, to fhew 
the tubes with their internal orifices, through which the 
offeous juice is fuppofed to exude, and form the layers of 
the bony and horny part. This formation of the hard 
part Or bone of the ftem feems to be a principal ufe of 
the longitudinal tubes; but they have another alfo, of 
great confequence in the growth of the gorgonia: for it 
is by means of thefe, that the animal fpreads itfelf down- 
• wards oyer the fubftances which ferve for its bails, thence 

deriving 
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deriving a firmnefs proportioned to its bulk. By means 
of thefe likewife, it repairs any deficiencies arifing either 
from accident or natural decay, by which the life of the 
whole would be endangered. At fig. i. c, d, the broken 
item in the gorgonia fiabellum is ftrengthened and made 
firm by the lateral reticulations being covered over with 
the homy fubftance by means of thefe flefliy tubes and 
polype fuckers. This is very different from any natural 
repairs of broken or wounded branches in trees. Befides, 
thefe tubes extend themfeives any way, creeping over 
every fubftance which may ferve for their fupport and 
prefervation of the animal, throwing out the homy or 
ofeous juice to make the whole texture firmer. This 
wonderful contrivance of nature is certainly inftindt in 
this low order of animals. To give a better idea of this 
kind of iuftindt, and to fliew in what it differs from what is 
called indication in plants, with which fome people, for 
want of better information, are apt to confound it, I have 
given a figure of the manner in which the flujlra foliacea 
fattens itfelf to fhells, fee fig. 4. This figure is a little 
magnified, to fhew the form of the cells, as they have 
fpread themfeives over the furface of the fcollop ftiell. 
The advocates for the vegetation of zoophytes , I hope, will 
be convinced, that the part that fticks to the fhell is not a 
root, but only a fingle courfe or layer of cells of the fame 
animal. As it rifes into leaf-like branches they be¬ 
come double, or two layers of cells, placed in fiich an 
oppofition to one another as to<ftrengthen the whole,, 
like the cells in the honey-comb; and what is very fin- 
gular, the narrow part of the ftem near the fhell, often 
, T confifts 
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confifts of four or more layers of cells, which the ani¬ 
mal, by this kind of inftincft, moft certainly applies to 
ftrengthen that {lender part againil the force of the 
waves. For another instance of the bale of a 'zoophyte 
fpreading downwards to fecure itfclf, we have an exam¬ 
ple in the madrepores muricafa , which is extending itfclf 
over a dead animal of the fame fpecics, fee fig. 5. 

The following remark of Dr. pallas will fhew, 
that as he conceives the wood or horny item to be com- 
pofed of tubes, fo he thinks that there is a communica¬ 
tion of juices from the polypiferous pores on the cortical 
part to the infide or horny part, as in trees: for he ob- 
ferves, that as the trunk of the gorgonia is always pro¬ 
portioned to the fize of its branches, the wood or horny 
part of the trunk, notwithftanding its hardnefs, muft ne- 
ceflarily thrive, grow and increafe every way, even though 
the organs of the bark, or furrounding flefhy fubftance, 
at the trunk and bafe are obliterated^;; and hence he 
concludes, that the trunk muft receive nourifhment from 
the branches, and apprehends, this nourifhment to be 
abforbed and prepared by polypiferous pores. Now it is 
evident, that the idea of the trunk and bafe of a tree 
growing in thicknefs, when it is divefted of its furround* 
ing bark, is contrary to the known laws of vegetation. 
The only method of increafe in the trunks of trees is by 

(a) Semper bafeos amplitude et imi trunci craffities proportion ata magni- 
tttdini fruticis reperitur; argupnto corneam eorum partem, quam excmplo 
arborum fruticumque, lignum dlcerequeat, obftante duritie ubique vigere, vivere 
et in omnem dimenfionem crefeere, obfoletis quamvis corticis in trnaco et bafi 
ragtois, pallas, Elench. ZoopTiyt. p» 16 2» 


the 
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the apportion of new layers from the bark? which can¬ 
not be produced but while the bark is fublifting. 

Nor can the gorgonia increafe in fize, in thofe parts 
where it is deprived either of the fLelh with the polype 
fuckers, or the furrounding flefhy tubes, which commu¬ 
nicate with thefe fuckers; for thefe fuckers and tubes are 
the organs that prepare and depolite the feveral thin 
layers, which form the fupport or bony part (here called 
wood), as I have Ihewn before. If upon examining the 
internal ftruCture of thefe zoophytes it were found, that 
their growth and fabric anyways refembled that of vege¬ 
tables, this would indeed afford a prefumptive argument,, 
that they did participate of a vegetable nature. Yet even 
in that cafe, it would be much more reafonable to fup- 
pofe them animals of the lowed: order, raifed but one 
degree above the vegetable tribe, than to conjecture a 
monftrous metamorphofis repugnant to the general ana¬ 
logy of nature. But the truth is, that although the hard 
parts of many gorgonia have very much the external 
appearance of wood, yet the internal ftrudture differs in 
the moft effential points from vegetables. 

In order to prove this, I have compared different fec- 
tions of the gorgonia with correfpondent fediions both of 
fea and land plants, and find they differ in the following 
particulars: The longitudinal feCtions of the Hems of 
the larger fuel , fuch as the fucus digit at us, efculentus 
nodofus , and facharinus , appear compofed of parallel 
jointed tube-like figures, the joints of which are com¬ 
pofed of gland-like cells; thefe tubular appearances* 
when highly magnified, are difeovered to be connected 

together 
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together by tranfparent reticulated fibres, or very minute 
tranfverfe tubes, interwoven with the upright ones. In 
a horizontal fedtion, the ranges of cells, which look 
like rays from the center, as they approach the bark, 
grow fmaller and fmaller, and moil probably correfpond 
with the minute pores which cover the outward furface 
of the plant; for when the fides of the dry items are 
foaked in water, they quickly imbibe it, and foon become 


full of a gelatinous liquor; all which is totally different 
from the texture of the gorgonia. 

We come now to compare them with land plants, fuch 
•as flirubs, to which they are generally fuppofed to grow 
like. The gorgonia has no regular feries of hollow fibres 
•or little tubes, in what is called the wood, either longi¬ 
tudinal or horizontal. It appears compofed of a fort of 
irregular lamina like horn; the fibres of which take no 
-certain direction, nor preferve in any two places the fame 
thicknefs. It has no feries of utricular veffels, as the 
trsufverfe veffels of wood are called by malpighi ; or in- 
fertions as they are called by Dr. grew. Thefe are effen- 
> tially necteffary, as. forming a communication from the' 
bark and the.jnternal parts of the wood quite through. 

* the contrary, the concentric circles of the gorgonia 
s fi^Ve no connexion with each other; they run like fo 
parallel curves, and are connected by nc^insfertions 
^^t^arveflels; but to all have been appearance formed 
fxxy feparafce depositions of Concreting matter. So the fhells 
faail# $ad oyfters are formed; their refpedtiVe animals 
Bwrow out periodically the ojjeous juice or tejlaceous mat- 
rt&j. which adheres to the former ihell and conjcretes, and 
• - ' thus 
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thus fucceflive layers are produced. In the fame man¬ 
ner I fuppofe the concentric circles of the gorgonia to he 
formed, fucceflive layers of juice exuding from the flefhy 
-tubes that furround the hard part or bone of the animal. 
Thus the Item of the gorgonia verticillata, or Minorca 
white feci-fe&ther , is compofed of different layers of a 
Ihell-like fubftance (fee fig. 6.), where a broken part of 
the ftem is reprefented, and a piece of it magnified, to 
ihew that there is evidently no more communication 
between the different lamina than there is between thole 
of an oyfter-fhell. In a tranfverfe fedtion of the gor¬ 
gonia pretiofa , or true red coral, donati has obferved, 
Philofophical Tranfadtions, vol. XLVII. p. 97- 3 -/* 

“ Different lines or annual bands, whereof one part is of 
■“ a rofe colour, another yellowifh, others white, others 
« more or lefs charged with colours, that form concen- 
<c trie circles like the coats of an onion.” This diver- 
fity of colours could hardly have taken place, had there 
been a circulation of juices through the ftem; and it was 
probably owing to the different food which the animals 
had lived upon at different periods. 

There is another genus of zoophyte , which though it 
fwims freely about in the fea, yet approaches near to the 
gorgonia , and will ferve further to explain the growth of 
its ftem, and that is the pennatula , or fea-pen. This ge* 
nus hath a bone along the middle of the infide, which is 
fts chief fupport. This bone receives the fupply of its 
ojfeous matter by the fame polype mouths, that furniih it 
Vol, LXVI. C with 
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with nourifhment. Dr. bohadscii has very judicioufly 
brought to this genus the great Greenland cluttered polype 
formerly deferibed by me under that name, and now 
called pennatula arSlica . In a crofs fedlion of the 
bone, fee Philofophical Tranfadlions, vol, XLVIII. 
tab. xn. f. h. the feveral lamina are magnified, to 
fhew that they are formed in layers like fhells, and are 
not full of tubes as in a vegetable growth Thefe ani¬ 
mals are ranged among the vegetating kind, and fo called 
by Dr. pallas. There is a great affinity between the 
gorgonia and i/is, fo that the increafe of the bone of the 
latter will greatly illuftrate that of the former. The lon¬ 
gitudinal feftion of the bone to the ftem of the ijis hip - 
purrs will fhew, that it hath been increafed in diameter by 
fucceffive layers of ftony matter that furround it, fee 
fig. 7. In this inftance we can trace the bone in its in¬ 
fant ftate, when nature had given it pliable black homy 
joints, that it might yield the better to the violence of 
the waves; but as foon as it became ftronger, thefe horny 
black joints were no longer neceffary, as we find the lower 
part of the Items totally overgrown with the bony fub- 
ftapefc. The furrows in this coral are deeper than thofe 
of any other; infomuch that not only the longi¬ 
tudinal fleflry tubes that furround the bone, but even 
' the minute pores in them, through which the offeouspeicor 
exudes, are very difcernible fee fig. 3. 

We now come to a very fingular circumttance in the 
growth of the gorgonia , in which it differs remarkably 
from that of trees. In fig. 8. is the figure of the naked 

ftem* 



II 


Mr, ellis on the Gorgonia. 

item or bone of a gorgonia , to which we find feverai tree 
oyfters and other fhells have adhered. Thefe fhell-fifh 
feem to have killed the gorgonia ; for the fame Item feems 
to be covered over with another gorgonia of the fame 
kind; which in its growth hath almoft covered the 
fhells, and likewife the branches to which they were 
faftened, leaving only part of the ends of the branches 
of the firft gorgonia yet uncovered. The fize and weight 
of the Ihells probably gave the waves fo great a power 
over the item, that it was at laft broken off, and caft on 
fhore in the ftate in which it is here reprefented. This 
inftance of a gorgonia growing over one of its own kind, 
feems fufficient t o account foi^he circle of calcareous mat¬ 
ter found now and then in the crofs fe£tions of old items, 
between the homy circles, as hath been obferved by Dr. 
pallas, Elench. Zooph. p. 162. “ Interje&o quandoque 
“ tenui materise calcarese ftrato.” But, Ibelieve,no one 

hath ever feen the bark of trees inclofed in the fame man¬ 
ner in the inner circles of the wood; and indeed it is fo 
contrary to the laws of vegetation, that Dr. pallas hath not 
attempted to account for it, by ihewing- any parallel in- 
ftances in the tranfverfe fe&ions of timber. Ano¬ 
ther inftance of the manner of growing of thefe ani¬ 
mate is ftill more remarkable* fee fig. 2. where the upper 
part of the gorgonia flabeilum meeting with an obftruc- 
tion in growing upwards, has grown downwards over its 
own fleihy fubftance, and has evidently inclofed and co¬ 
vered over its own reticulated branches, with a continu¬ 
ation of its own flefh and bone. Dr. pall as, in a note on 
the growth of the gorgonia , hath the following extraor- 

„C a dinary 
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dinary obfervation, that a gentleman in Holland is pof- 
feffed of a gorgonia, which has on the fame flirub, the 
bark partly of a gorgonia verrucofa, and partly of the 
gorgonia coralloides, without any vifible difference of the 
branches; which he accounts for by comparing it to the 
growth of vegetables, faying: “ So different lichens arc 
il often found incorporated in fuch a manner together, 
« that they might eafily be miftaken for one and the fame 
« plants. But I think it rather paradoxical to fuppofe 
the fteftx of one animal to grow on the bones of another. 
If he had examined it attentively, he would have found 
what we have advanced to be the cafe. It is not unufual 
for a gorgonia of one fpecies to grow upon the decayed 
branches of an individual of another, where the foft or 
flefliy part is already perifhed; but the upper or living 
gorgonia muft have its own hard as well as foft parts; for 
ihould there be the-flelhy part, and not the bony part, it 
would belong to the genus of alcyonium, and occasion fuch 
another remarkable miftake as this author has already 
made in his fertulariagorgonia, fee Elench. Zooph. p. 18 8. 
where he has defcribed an cdcyonium, growing upon and 
furroundlfig the ftem and part of the branches of the 
fertidaria frutejcens, as a new fpecies of fertularia. 
This, he fays, moft clofely unites the genus of gorgonia 
with that of the fertulanax and to convince me of the* 

(h) Quod in eodem frutice corticem parlirn, gorgonjse verrucofe partim co- 
raltoides exhibet, fine ullovifibili difcrimine ramorum, Verum et diverfaj fsepe 
lichenes ita fibi invicem inoliti reperiuntur, ut pro una facile planta fumero. 
*ALI,AS > ,Kench.£ooph. p» i(>3‘ 


truth. 
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truth of what he afferts, he has fent me part of the ori¬ 
ginal fpecimen, of which fig. 9. exhibits an exa<t repre- 
fentation. At a is a magnified figure of this alcyonium, 
on a piece of the branch of the fertularia. It is of a 
flelhy fubftance with warts, having each twelve rays; 
we have many fpecies of alcyonia from the Weft Indies 
not much unlike this. The reader, by attending to the 
Do&or’s own dcfcription of his fertularia gorgonia , will 
foon be convinced of the error, efpecially when he con- 
fiders, that the character of a fertularia is that of a 
branched animal, with the hard parts without, and the 
fleftiy parts within; and rhat the gorgonia, , on the con¬ 
trary, hath its fleftiy or foft parts without, and its bone or 
hard parts within. 

There is another effential difference hitherto un¬ 
noticed, between the growth of the gorgonia and that? 
of trees; and that is, in the connexion between the fide 
branches and ftem of the one, and the fide branches- 
and ftem of the other. The fide branches of vege¬ 
tables proceed from the pith; of courfe, when a ftem 
and fide branch is divided length ways, the pith is feen 
continued through the main ftem into the branch, fee 
fig. 10. where a. is- the natural, fize of a fmall twig of 
the lime tree, and b. the fame magnified;. It muft be 
obferved, that in feme trees the channel or continuation 
of the pith which leads from the ftem-to the fide branch, 
is very much, contrasted;, and the communication very 
narrow? in which cafe it will be neceflary to make crpfs 
fb&ions*. which will foon difeover tjie courfe of the pith 

fronu 
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from one to another. M. du hamel, an author of the 
firft reputation, hath clearly demonftrated this in his Pby- 
ftque des Arbres, vol. II. p. 119. tab. 11. /. 91. Now 
in the gorgonia^ the fiipport, or what is called the woody 
part, is indeed furniihed with a kind of a pith or medulla; 
hut when we cut the Item or branch through the middle 
lengthwife, we find no paffage whatloever between the 
pith of the Item and that of the branch, each being fur-? 
rounded with a hard covering of its own, which hath no 
perforation, nor admits of any communication. Every 
branch of a gorgonia therefore hath its own pith or me-~ 
dulla peculiar to itfelf, which is never found pafling into 
that of another, fee fig. 11, a. the natural fize, b. magni¬ 
fied. Again, in trees, the pith is large# in young Ihoots, 
and difappears in old items: in the gorgonia the medulla 
is of the fame diameter in the old items as in the young 
branches. In the longitudinal fedtions of freili Ihoots of 
trees, the pith in the microfcrope looks like a number of 
jointed tubes united together; and in thecrofs fedtions, it 
appears like fo many circles. In dried fpecimens the tu¬ 
bular appearance in the longitudinal fedtions is more ir¬ 
regular ; they look rather like longitudinal ranges of little 
tranfparent blebs, and the crofs fedtions appear like circles 
interfedting one another in the margin; but there are 
many varieties of figures in the pith of different vegetables? 
what is mentionedhere, is the common appearance of pith * 
in molt plants. When we cut a dry branch and item of a 
gorgonia through the middle lengthwife, the pith appears 
divided into many little tranfverfe membranes, like fmall 
, 7 white 
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white diaphragms, feparated from one another about the 
diftance of their own diameter. But thefe crofs mem¬ 
branes are found to be more numerous in fuch as have 
been preferved directly from the fea in fpirits; and when 
they are examined in the microfcope, they appear to be 
of the nature and fiibftan.ce with the lamina that com- 
pofe the horny tube that furround them (*), 

(c) While I was comparing the longitudinal feftions of the young branche 
of trees with thofc of the gorgonia, I was furprlsed to find fuch a fimilitudc be¬ 
tween the pith of a branch of a walnut tree, of a year’s growth, and that of the 
gorgonia , lee grew, Anat. of Plants, tab. xix. fig. 4. A. and b.; efpecially as we 
are told by a modern author, who hath publifhed many raicrofcopical obfervations 
on the conftraftion of timber, that the cell-like divifions in the branch of a wal¬ 
nut tree are only a row of fingle blebs of pith. But the microfcope difeovers to 
us, on viewing one of thefe crofs membranes, that it is compofed of many cells 
flirunk up and united together; for, upon viewing the fiat furface of one of them, 
it appeared full of circles interfering one another, like a thick tranfverfe fe&ion 
of many other dried piths prefled together: befides, the thicker part of this 
fhrunk-up walnut pith, all round next the infide clofe to the wood, when mag¬ 
nified, plainly fhewed the fame appearance of blebs as in other pith. To con¬ 
firm this obfervation, May 23, 1772 ,1 procured a young green flioot of a wal¬ 
nut tree, growing from a branch of the preceding year; and examining the pith, 
both in upright and tranfverfe feftions of this new flioot, T found that they exaftly 
refembled the pith of many other trees, but were full of fap: and that the ranges 
of cells or blebs that occupied one of thefe fpaces could not be lefs than a hun¬ 
dred, perhaps double that number of blebs. Dr. grew takes notice, p. 120. in 
Ms Anatomy of Plants, that there are other trees befide the walnut tree whofepith 
in the laft year’s flioot fhrinks up and forms fuch cavities; and an ingenious 
friend of mine, now engaged in an enquiry into the ftruQure of plants, hath 
fhewn me a laft year’s ftem of the brajfcafylvt/lris, or fhrubby cabbage, whofe 
pith is flirunk and divided into a fingle row of cells, like thofe ofthe walnut tree, 
afclsft .year’s growth. 


I'come 
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I come now to the outfide covering or fkin of the 
animal. As few have bpen at the pains to examine the 
furface of the gorgonia accurately, it hath fcarcely yet 
been noticed, that they are cloathed with a kind of fcales, 
and fome of them fo remarkably covered, and the fcales 
fo well adapted to the particular parts, that one might 
reafonably be induced to think, that nature hath given 
them this defence, as £he hath done in like manner to the 
feveral parts of fnakes and lizards, as a kind of armour 
to protedt them from external injuries. As inftances of 
the above, I lhall only mention, that the furface of the 
ftem as well as the mouth of the cells of the gorgonia 
placoms are defended by long pointed fcales, fee EJJay 
m Corallines, p. 27. t. a. 1. to 3.; and the gorgonia 
verticillata (of which an elegant fpecimen is to be feen 
in the Britiih Mufeum) hath alfo very remarkable fcales 
of different fizes round the mouths and on the fkin, fee 
Ejfay of Corallines , t. 26./. s. t. The gorgonia lepadifera 
hath a moft remarkable variety, placed like tiles, one over 
another, for the defence of the mouth of the cells that 
inclofe the polype fuckers; befides, there is afmall kind of 
fcales, that coven the furface of the ftem and branches, 
fee fig. 12. 

From the fkin we are naturally led to fpeak of the 
flefh of the gorgonia, or what the modern naturalifts call 
the bark or cortex. Whoever hath examined the flefh 
of the gorgonia, well preferred at the fea-fide in fpirits, 
will find, on differing them, proper mufcles and tendons 
for extending the openings of their cells; for fending 

forth 
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forth, from thence their polype fuckers in fearch of food; 
for drawing them in fuddenly, and contracting the^/w- 
ter mufcles of thefe ftarry cells, in order to fecure thefe 
tender parts from danger; and likewife that there is, as 
we have already mentioned, proper fecretory duCts, to 
furnifh and depofit the oJJeous matter, for the fupply of 
the bone, both of the item and branches as well as the 
bafe, to fecure its ftation with firmnefs, amidft the boifte- 
rous element where it is appointed to be. That there 
are ovaries in thefe animals is without doubt; for in moft; 
of thofe that were fent to me preferved in fpirits, the 
eggs were very vilible upon making longitudinal fec- 
tions in the fame manner and form as in the alcyonium 
digitatum , called dead marts hand , fee Philofophical 
TranfaCtions, vol. LIII. tab. xx. fig. n. but much 
larger; and it is very probable, many of thefe animals 
are viviparous , as we have feen among the Jertuiaria . 

So that I muft conclude, that though they grow in a 
branched form, they are no more allied to vegetables 
than they are to the ramified configurations of fal ammo¬ 
niac \ to the elegant branched figures in the Mocha and 
other Gems, called dendrites', to the arbor Diana, or the 
arborefcent figures of the Cornifh native copper: confe- 
quently, that animal life doth not depehd on bodies 
growing accor din g to a certain external form. Hence it 
appears, that this metamorphofis of a plant to an ani¬ 
mal is a .flowery exprefiion, and in my opinion, better 
fluted to the poetical fancy of an ovid, than to that pt;e- 
cife method of defcribing which we fo much admirfe* in 
a natural hiffcorian. 

Vol. L&VL 
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II. the Variation of the Compafs ; containing (*) 1719 Ob- 
formations to , from, the Eaft Indies, Guinea, 

Weft Indies, and Mediterranean, with the Latitudes 
and Longitudes at the time of Objervation. the Lon¬ 
gitude for the mofl Part reckoned from the Meridian of 
London; if otberwife , it is taken Notice of in the Mar¬ 
gin. By Mr. Robert Douglafs. Recommended to the 
Public by the late Dr. Halley. Communicated by the 
Rev. Nevil Maikelyne, AJlronomer Royal , F. R. S. 
with a Letter prefixed from William Mountaine, Efq. 

F. R. S. to Mr. Maikelyne. 

> 


TO THE REV.' NEVIL MASKELYNE, A. R. F. R. S. 


DEAR SIR, 


St. John’s, Sonthwirk, 
Not. * 774 - 


K. June 1, A /T r. Robert Douglass’s ©bfervations of 
1775- XVJL t h e variation, taken by bimfelf, and 
ftgned by Dr. halley, I now beg leave to return, with 
aafwers to the qneftions you propofed thereupon; viz* 
Whether I had ever feen 'them; or had made any ufe 
of them in my former publications? And if fo, whe¬ 
ther any further notice of them was necefiary ? In anfwer 
to the firft; among my papers on the variation I have an 
exa& copy of them, recommended under the fame fig- 
nature, of the fame date, and in the fame words, and the 


( a ) IJouclass calls tJiefc 1719 obfervatictos; but thefe tables, I rather 
think, fhculd be called theReTult ef 1719 Oblemtions, w. Mountaine. 

6 whole 
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whole feems written by the fame hand; fo that both of 
them (containing 1719 obfervations each) may be ftilcd 
originals: I have fent mine herewith for your infpec- 
tion. To your fecond queftion, I anfwer, that I could 
not make any ufe of them in the conltru&ion of either 
of my charts, as the firft was formed from adtual obfer¬ 
vations made about the year 1744, an< * Douglass's 
conclude in the year 1735; but as many of them as 
fuited the periodic times were taken in, and compared 
with many thoufands of others, according to the order of 
their refpe&ive dates, in forming the lix periodic reviews, 
as publifhed in the Philofophical Tranfadtions, vol. L. 
part I. for 17 57. To the third queftion; viz. whether 

they are worth a public record ? I rather think they are ; 
and have fometimes thought to prefent them to the Royal 
Society for their approbation: for, notwithstanding they 
have been thus made ufe of, yet they are mixed and 
moulded up with others, and thofe only to every five 
degrees of latitude and longitude; fo that the variations 
refpedting the feveral latitudes and longitudes do not 
fingly appear. And as the true theory of this arcanum 
in nature is yet fo little known, every thing that ferves to 
illuftrate it, deferves attention. And as thefe tables, for a 
fingle fet, are extenfive, and may be efteemed authentic, 
they may very well ferve for comparatives in future 
times; for if the change of the variation be regulated 
by any conftant law, which I ftill continue to doubt, the 
difeovery of that law muft greatly depend upon fuch 
comparifons made from multitudes of good obfervations 

D 2 taken 
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taken at different periods, and thofe over the whole face 
of the terraqueous globe; but until that law is certainly 
known, charts can be conftru6ted only from time to time 
from the lateft obfervations. I am, 8cc. 

W. MOUNTAINE. 

P. S. From the differences, times considered, between 
thefe identical obfervations of douglass, and Dr. Hal¬ 
ley’s chart in 1700, Mr. Charles leadbetter at¬ 
tempted, with great labour, to delineate a fet of curves for 
the year 1740, but without fuccefs. He feems, by his un- 
finifhed work, to have plunged himfelf into an inextrica¬ 
ble labyrinth. I have the manufcript chart and his table 
of differences now in my cuftody. His attempt was frus¬ 
trated by the opinion he poffeffed of an uniform and re¬ 
gular mutation; and this failure further convinced me of 
the necefhty of proceeding upon other principles. 


Ou 
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On the outfide leaf of each copy is the following 

teftimonial: 

Mr. Robert douglass having Jhewn me this curious 
collediion of Qbjervations of the Magneticall Variation ,, 
made by himfelf in moji parts of the worlds I thought them 
worth preferving-, and as fuch recommend them to the pub¬ 
licj believing they may be of ufe both to the prefent and fu^ 
ture navigation . 

Greenwich, EDM. HALLEY. 

Aug. *8, 1738. 


To 
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To the right honourable the Lords Commiffioners for 
executing the office of 1 .ord High Admiral of Great 
Britain and Ireland, See. 

MY LORDS, 

I HAVE already given in to this honourable board 
thofe obfervations I had to the Eaft Indies, Guinea, and 
Weft Indies, but not thofe I had in a fecond voyage to 
the Weft Indies, nor from England to the Mediterranean. 
Dr. halley has perufed them, and recommended them 
to the public. And as nothing of this nature has ever 
yet appeared, to my knowledge, I hope they may be of 
life for Ihips bound to Guinea, Weft Indies, Mediter¬ 
ranean, and Eaft Indies: and as I think that all things of 
this nature belong to this honourable board, efpecially 
by me who have ferved as fchool-mafter many years in 
the royal navy; therefore I moft humbly dedicate them 
to your lordfhips, and am, with all due refpedt, 

YOUR LORDSHIPS 

moft humble and moft obedient fervant, 
rjah. 30,173}. Rb DOUGLASS. 
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THE variation of the compafs in a voyage to, in, and 
from, the Eaft Indies, in the years 1721, 2 a, 23, and 
part of 24, from the Ifland Madeira, on board the Lyon, 
THOMAS* MATHEWS , Efq. Commodore. Likewife the va¬ 
riation to Guinea, from the Ifle of Mayo to Cape de 
Verd, along the Coaft to Widah, Ifland St. Thomas, 
Cape Lopez; back again to the Coaft of Guinea; then 
to the Ifland St. Thomas; from thence to Barbados, St. 
Ghriftophers, Jamaica, Porto Bello, along the Coaft to 
Cartagena; then to Jamaica through the Gulph of 
Florrida, as far as 3 5 0 1 s' North, and Weft longitude from 
London 61 0 5 6 ; ; back again to Antegoa; from thence to 
England, in the years 1725, 26, and part of 27,on board 
the Kinfale, richard girlington, Efq. Commander. 
Some more to the Weft Indies, on board the Lark, John 
gray, Efq. Commander, in the years 1727 and 172^ 
More from England to the Mediterranean, as far as Leg" 
horn, on board the Dreadnought, Alexander geddes, 
Efq. Commander, in the years 1730 and 31. More in 
the Mediterranean, as far as Tripoly in Barbary, on board 
the Hedtor, the hon. Sir roger butler, Commander in 

the years i 733 > 34 * and 35 » 

Note, the firft column is the year and day of the 

month; the fecond and fixth, the variation; the third 
and feventh, the number of obfervations; the fourth, 
fifth, eighth, and ninth, the latitude and longitude at the 
time of obfervation. The longitude for the moft part 

reckoned 
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reckoned from the meridian of London; if otherwife, it 
is taken notice of in the margin. When there are more 
obfervations than one, that fet down is the mean. When 
in fight of land, 1 have fet down its bearings and diftance 
in the margin. E. ftands for Eaft, and W. for Weft va¬ 
riation, „ 

We obferved with 3 compaffes outward-bound to 
the Eaft Indies. The matter of the fhip managed one; 
the pilot his own; and 1 had the other, which X kept the 
whole voyage. We had but 2 homeward-bound; 
they feldom differed | a degree, and not often that: 
they were taken with all the exadtnefs poffible. I have 
fet down the latitude and longitude of moft of the places 
I went from, and the latitude and longitude I made the 
place ly in (that I was bound to) by my reckoning. 


The 
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The variation of the compass to, in, and from, the Eaft 
Indies, on board the Lyon, thomas mathews, efquire, 
Commodore. 
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5 Lat. Long de . 



Anch d in Table Bay, at Cape 
Bon Efperanza. By my 
reckoning I make the Table 
Land to ly in 18 10 E. 
from London. 


Taken as we lav at anchor in 
Table Bay. I judge there is 
Something draws the com¬ 
pafs. 


Cape Bon Efperanza S, 5 or 6 

fe. 


- Lat. of the Cape 35 25 S; 
3 35 3 ° Long dc . E. fromLondon 17 25. 


Bound for Madagascar. 



22 35 3 32 2 3538 


22 40 3 3 ° 39 J 3 6 l l 


22 51 2 29 538 36 26 




St. Auguftin's Bay on Mada- 
gafcarj&J^ 


1721 
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Var”. ? Lat. Long* 8 . Var”. ? Lat. Long dl 


1721 P.M. 2 
July s; 


Taken as we lay at anchor in 
St. Auguftin’s Bay on Ma- 
dagafcau I jnake Sc. Au- 
gullin’* Bay on Madag.tfcar 

22 18W 8 to lye in %% 30 S. p r obs n . 

Long de E*. (tom London, 
by my reckoning, 46 at. 


n „ /*rp __ The nearer Co the land the leu 

15 23 27. 2 21 40 S 45 36E 22 35W 3 21 10b 45 4°L twB . 


I take the land, called vV1 u- 
minfter Hall near St. Au' 
guilin’s, to lye in 23 38 S 
and E c . long 4 ® from Lon¬ 
don, 46 45 


Lat: of the mouth of Timerly 
river 2020 obs n . Long^E 1 . 
from London, by my reck¬ 
oning, 46 40. 


Bound for the Ifland Joanna. 




In Joanna Bay. 


Center of the Ill ami Comaro, 
SuW. by W. 4 or 5 lgs. 



1721 
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16 


18 

: 

|ix 49 

*9 

'11 0 
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30 9 43 I 3 |14 48 I58 4 ? 
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The Low* Land to the S ord of 
Valentine’s Peak E r . 3 lgs. 
near Bombay. 


f - — 

Taken without the W e gate 
on the Hland Bombay. 


Taken aboard. 


Taken in the road by Choul j 
this is about 10 or 12 lgs. 
to the S 0ld of Bombay. 


Illand Calaba E.S.E. 2 lgs. 
Tins illand is about 8 lgs, to 
the S ord of Bombay. 


In fight of Rogipore Ifland. 
Bound for Ooa. 


Alguarda by Goa S.E. 3 or 4 
lgs. 


Cape Ramas near Carwar, 
b.E.byE.J E. 3 or 4 lgs. 


The Wfermoft point of Car- 
war Bay N* by w. 7 or 81gs. 


The W^ermoft rocks near 
Manxpilor N. i W. 3 lgs. 
This gjace lyes to tlw 
of BaJtore, about 9 lgs* 
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1 1 anchor at die raoutli of St* 
Maiyh haibour. 



Bound foi Cape Amber, which 
ij the N, E* p r . of Mada- 
gafln. 


Cape St Sunfuan on thu IS 0 
tnci Madigaitai, b.W. | o, 
4 or 5 lg»- 


Cape Sebaftiaity E, by N. 9 lgs, 


The gieat lflandNoffle, E r f S. 

Slgs. 


The E f t rmoft of the Ifl d 
: NoiTe^ E. by N. <?lgs. 


We aie to the S 0ld of Marm- 
gambo Haibour. 


To the N° rd of Soundjfie point: 


Near Maiingambo Haibour, 
Moan of the evening and* 
morning. 


Mean of the morning and 
evening, At, an anchor in 
the outer bay of Muugtfo., 


Near New Mafeleage. Moan 
of the evenihg and morning, 


i?sa 
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famgomy Ifiand S. byW. 5 lgs. 
Gong back to Manigaro 
Haroour. 


Near Maoigaro Harbour. 


an anchor in the inner bay 
oL Mamgaro. 


Mackamoy Ift d S.W.ln S. 7 lgs 
n T/ i 07 a6 aoE Bound tor the Iflaad Joanna. 

14 3 7 4 * Lat. of the N. W. part of Ma- 

mgaro Harb. 15 45 S° obs n . 
Long de . E. from London 
47 a6. 




Saw Valentine’s Peak on the 


Kiaml Mayo a N.NE, 14 


lgs. Long^. 45 4* £■ 
Valentine's Peak N. by ?. 


6 leagues, 


At an anchor in Joanna Bay, 
and with die fame compafs I 
obleived hue m June iaft. 
By anothei compels. 


Lat. of the N.BX part of Jo¬ 
anna i2 % S. Long* 1 *. £ c . 
from London 46 0, as I take 

it. 


Bound to Fort St. George by 
the N°. end of the Msldivce 
Iflands. 
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1722 























[Fryers Hood on the S.E. part 
of Zeloan W.S.W. 8 lgs. 


At Fort St. George orMadcrafsJ 


Bound for Balafore. The 
nearer the land I find the 
lefs variation* 


Note, I have made 5 0 5' 
long df . between Fort St, 
George and Jacktrnat Pa¬ 
goda. 


At an anchor before the mouth 
ot Rogues river? and, as I 
was informed, this is about 
4 lgs. ft cm the mouth of 
die ranges. 


{Cape Paltniras near Pilafore 
w. \ N. 4 lgs. Bound for 
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Frvers Hootl on ZeloanSWJW 
$ ]gs. Non, I have made 
4° long'* 6 , between Cape 
Palmiias and Fi}eis> Hood 
on Zeloan. 



Near Forcat, a &utch factory 
•os. the coaft of Malabar. 


The ihips in Cochin road N. 
by E. 4 or«; lg?. 


Cochin Fort R.N.E. t lgs. 


We are about midway between 
Panfan Fa&oiy and Calicut. 


In Calicut Road. 


Sacrifice Rock S.S.W.JW. 
4 mile. This rock h about 
4 or < Ip, to the S 0rd of 
Tellichcrry. 


Tellecherry Fort S. E. by E. 

sV 


Saw Pidgeon Ifland from the 
maft-head N, by W. xo ]g$» 
Mribpy HSHE.N.E 1 . 


Pidgeon Ifland S. by E. $ 1 


1722 
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? Lat. Long ic . 




In Carwar Bay. 


Canvar Baj S.E. by S. -IE.4Ig s ' 


I11 Goa Road. 


About S lg«. to the l\ orJ of 
| Vingoi la Rocks. 


The mouth of Careptam Har¬ 
bour E. by S. 3 mile. 


Cape Dobs N.N.E. 5 Igs. 


; 

Sevendruke N<E, by E. 3 Igs. 
This is a rock fortified by 
Angria, and is about 4 Igs. 
to the N ard of Setra River. 


Neareft land E.N.E. 6 Igs, 


Ifland Canary near Bombay j 
N.|E. 7 lgs. 


Neared land E. < Igs.' BsWeen 
Bombay and be. Johns. 


The high land of St. Johnr 
■ S.$,E. 5 Igs. fiom the 

ncaied land. 
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Demaen ES.E. 4 or 5 lgs. 
Bound for Bombay 


The Neats Tongue S.E. by E. 
1 lgs. 


At Bombay. 


In Surrat Road. 


We are about 7 or 8 lgs. to the 
Sord 0 f Dundee Rogipore. 
Bound for Goa. 


We are a little to the S ord of 
Careptam Harbour. 


In Carwar Bay. 


The S°ermoft part of Carwar 
Bay N. J W. 5 lgs. 


In Mangulore Road. 


In Tdlecherry Road. 


I take Sacrifice Rock to ly i» 
11 30~N. and E*. Jongde 
■ from London 75 38. 


Bound for the Illand Saccatra. 




































the Variation of the Compafs. 


41 
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I 7 2 3 






















Mr. douglass’s Qbfemiions of 


Var". I?I Lat. I Long*.I Vat\ I? I Lat. I Lon 


aol 9 i6W[1112 30NI59 30E j 9 i8Wj4112, 22NI fiom 


30 929 21228 5917 10 8 | x 11223 |S9 13 


31' 9 48 1 |x2 32 jS9 12 


10 6 11112 45 58 19 


10 40 1 12 50 57 40 io 39 a 12 50 56 57 


j|io 45 2 12 48 J56 0 n 26 i 12 44 54 45 


n 33 1 


The E l . end of the ifland Sac- 
catra W. 9 lgt>- 


E f end of Saccatra S.E« by S. 
5 lg s * 

Note, I have made 21 0 8' of 
long dc . between the ifland 
Qualpenna and rhe £ r . end 
of Saccatra; but as thofe 
places is laid down in books, 
I Ihould not have made io 
much by about z°. Lat. 
of the E c moft point of Sac¬ 
catra 13 ao N. obf. 


At an anchor before the town 
of Saccatia, which hands on 
the N°. fide of the ifland. 


W 4 


Lat* of the town n 30 N. obs n * 
The W. end Of Saccaua 
S.W. | W* 5 Igs, 


The mean between the morn* 
ing^nd evening. 

At equal altitudes morning 
and evening. 


























Nr of Obf. 
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Lat. Long' 5 '. 



The E 1 . end of the iHand Ab- 
dehura S. by E. 10 lgs. 


Mount Feelix Jfr S°erly 5 lgs, 



O c6WCape Aden N*E.f N. 5 lgs* 
o ro ft* frnmfW This Cape ought to be laid 
^ ^ Adfcn^ down a degree more to the 

W c ward than it is. 


Taken in the narrow {traits 
of BabelmandeL 



Zee Hill near the narrow 
{traits of Babelmandell E.by 
S.|S. a lgs* 


The middle of the narrow 
{halts of Mfcfaeandeli S. 


by & a lgs. 


1743 
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ms 


















Nr of Obf. 


the Variation of the Compafs\ 


45 


Bound for Foit St. David s on 
the Co aft of Cormandel by 
the K°. end of the Maldh ee 
lilands. Note, I hate made 
20° 38' long de . between the 
E c . end of fie I {land Sacca- 
tra and the N°c.rmoft of the 
Maldivee Iflands; and this 
! makes the N°moft ifland to 
ly in 77 o E. fiom London 5 
I and in failing ft om the Ifland 
Joanna to this N°moft illand 
I made it ly in 7715. Note, 
we had a fair wind both 


7 4E 

from the 
N°moft of 
the Maldi- 
veelfland*. 


In the morning faw the Ifland 
Zeloan to the W'ward of 
Dondra-Head. of 

long dc - between the N°moft 
of tire Maldivee Iflands and 
Dondra-head on the Ifland 
Zeloan 7 o j 0 / . Fair wind 
all the. way. 


At Fort St. Davids. Mean of 
the evening and morning. 


263 


5 23N 


DoodraHcad (N.E.fE. 6lgs.) 

on Zeloan. 

In fight of Zeloan. 


The Dutch factory at Point de 
Gallee on Zeloan N.N.E. 
2 lgs. 


A land drat appears like a hay¬ 
cock near de Gallee on 
Zeloan & { 5 °. About 6 
lgs. from the ncareft land. 


* 7 * 3 . 












Mr. douglass’s Obfervations of 


Lat. Lons' 16 . Var". ? 

A.M. | 


i 22W 

7 54N j l0 p ?,°' n1 ' Bound for Bombay. 


de Gal lee 
on Zdoan 





>£ Cape Camc- 
W.byN,|N. 


The high land over Cape 
Cameroon, W.H.W* 6 lgv. 


Cape Comaroon N.N.W.JW. 
3 or 4 lgs* 


D°. Cape E*. 4 or $ lgs. 


Manqulote E. by N. JN. 3 or4 
Igs. On the Malabar Coaft. 


BafTalore Hill NX We are 
about 5 lgs, from the neaiefi 
land. 


The S°ermoft part of Carwar 
Bay N. 6 Igs. 


Cape Raraas E. by N* % lgs. 
Here there h fomething that 
draws the compafs. 


Rogipow N.E* JE. 5 or 6 lg$. 


Cape Dobbs E. by N. % Igs* 



17a; 
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VjUJt 










































































I7»4 

























1724 
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Mr, Douglass’s Obfervations of 


1724 

June 

Var”. ' 

P.M. 

£ 

0 

cr 

Lat, 

Long 1 * 5 . 

Var n . 

A.M. 

2 

H 

0 

-h 

O 

0- 

Lat. 

Long 4 '. 


24 

10 38W 

6 

44 16N 

28 26W 






25 

n 28 

I 

44 3 ° 

28 5 







n 14 

i 

2 

45 26 

27 22 






30 


I 4 

46 0 

00 

C4 



1 



| 


1 

' ! 

i 

' 

46 34 

23 14 







11 5 i 

I 








S 


| 


r 9 33 

1 



* 



Note, The Bill of Portland was the firft land we made, and I 
am about \ a degree further to the E t ard then it is laid down in 
our books. 
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The variation of the compass in a voyage to Guinea, Wk In 
dies, and back to England, in the Kinfale. 


1725 P. M. 
8ber. 


Var n . ? Lat. Long^. Var\ 5 Lat. Long* 56 . 


A. M. § 



[The Peakt Hill on the Ifle of 
| Mayo S.S.E. 1 we are about 
a mile from the Ihore. 


At anchor in Port de Prya Bay 
on the S.E C . part of the 
Ifland St. Jago. 


Bound for Cape de Verd, Lat. 
of Pott de Pry a Bay 15 i o N. 
obs n . Lang de . W*. fiom 
London 23 42. 



In fight of Gambia River. 



At a anchor in the mouth of 
Gambia River. 


Lat. of Cape St. Marys 13 20 
6 16 12 4 <oW 3 IO 42N 15 54W N. Long'*. Wt. from Lon- 

^ don 15 36. 


4 54 IO18 15 20 Bound for Siera Leon. 


14 36 



29 4 18 r 9 52 14 S4 3 5 ° 
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57 
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Mr, douglass’s Obfermfms of 


Lat. Long fc . Var n , ? Lat. 


13 10W 


13 0 ,1 5 18N 


la Widali Road. 


Lat. of Widali 6 48 N. obs». 
Long de * E c . f.om London 


I* 

1 


3 ° 14 35 2 

0 14 2 <f 


At the Ifland St. Thomas/By 
equal altitudes evening and 
morning. Note, by the of i 
long dc . made flora Widah 
tlus and the laR time, I dit-, 
fered but 4 minutes; £0 that 
I tudge the Ifland St. Tho¬ 
mas is laid down almoft 1 de¬ 
grees toofai E r ei)y, and our 
paflage flora Si. Thomas to 
feaibadoes confirms me in 
tins oppinion, having gained 
that paflagein 33 days, and 
had a fair wind all tfie way. 


13 44W I 0 10S 


© s8S 151 1242 X 0 46 039 Bound for Baibadot-S. 


1 33 * 


* 4 S 1 S *5 


2 22 
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Mr. Douglass’s Obfervations of 


1726 

June 

Var”. 

P.M. 

as 

*1 

0 

0 

<r 

7 ~i 

Lat 

Long Je . 

Var n . 

A.M. 

5 

a, 

0 

tr 

rt 

Lat. 

—- ■ , , 

V 

O 

v-1 


16 

2 16E 

I 

12 44N 

K% 22W 

2 37E 

2 

12 56N 

54 6W 


*7 

3 0 

I 

! 3 5 

55 28 

3 3 6 

I 

13 12 

57 3 

Note, I make the center of 
Bat bates to ly in 1 4 27 lN T . 
by ohs n . and Wb lout*/ 10 , 
from London 58 x\ Lav¬ 
ing a fair wind all the way, 
this makes me believe ilwt 
the Ifland Anna do Chart'* s 
viz. 16 16 E* is near the 
truth. 

26 

28 

4 24 

3 







In Carlxflc Bay at Baihadces, 

29 

3 26 

I 







Lambert’s Point on the N.Wk 
part of Barbados E.S.E. 
5 lgs, 

July 

J 

r ■$. M 

1 







TheWtormofl part of Guard a. 
lupaN.E. JN, 4 or j lgs. 

2 

1 4 i° 

I 







At Back Aar on the liland St. 
Chriltopherb. 

( 

I 5 22 

I 

17 5 8 

9 2W 
from Pal- 
mcta Polm 
on the 
Ifland St. 
Chrifto- 
pbers. 

r 

t 




Within 4 or 5 Ig^ of Ififpa- 
niola, and a little to the 
WKvard of Cape Zapuzurt 
on llifyaniola* 


1 s’ 12 

| 

17 40 * 

0 46^ 

from tlie 

IfHad&lo 

valla near 

CapeAto 

giaonHif 

paniola. 

r 






*726 
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71 52 I A. very great fea. 


512 I1I35 4 P4 6 Aj 


Vol. LXVI. 


iya6 
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Mr. Douglass’s Observations of 


Lat, Long"'. V ar a . 5 Lat. Long" 
AM. % 


Going back to the Wr. Indies. 
Swell much abated. 


4 61 14 


IS 


16 


17 o ao 


i8f 0 jaE 1 21 7 56 32 


2°| 1 43 


21 2 15 [*Ji6 52 J56 22 


0 36W 1 25 48N 


0 54 1 a S 20 37 H 


1 46E 


1 46 


2 25 


3 . 11 


3 a6 - 


17 34 

56 17 

16 12 

56 50 

15 58 

58 6 


Hand Dcfcado S.W. 4 W. 

! 5 lgs. I make Deicmlo to 
to ly in 16 10 N. obs". and 
W. long ds . from London 
59 $• 

The center of the ifland Ma» 
rigalant N.W. c lgs. Do* 
4 imnico S.W.byS. 3 lgs. 


The high land of the Ifland 
; Nivis W. iS°. 7 lgs. The 
IflandRodundaS.byW.JW. 
7-lgs, The center of the 
Ifland Antego E. by S. | S. 
7 Jgs. 
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1727 
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1727 

May 

Var”. 

P.M. 

Z 

0 

—1 

0 

r» 

2 

Lat, 

Long dc . 

Var". 

A.M. 

z 

n 

0 

**1 

0 

cr 

r» 

Lat. 

Long 1 *. 


9 

ix 54W 

43 56N 

48 41W 





This day founded having 35 
fathom fine biown fand; by 
this wc judge we are on the 
great bank. 

10 

12 37 

3 

44 3 ° 

46 0 






12 

14 20 

l 

46 12 





I 

A great fca. 

13 


1 

46 5 r 

35. '$ 




! 

D°. fea. 

; 15 


I 

46 16 

28 25 





D°. fca, 

; 17 

“ 39 

2 

46 10 

mm 



i 


Smooth water. 

21 


1 

4 $ 45 

1512 

U * 1 





26 

13 24 

2 



, 1 

_ 

! 


In fight of Portland, dlfl about 
S% 3 * 


Note,,By my reckoning I,made the Lizard to ly in 50 6 by judge¬ 
ment, and Wk longitude from.London 5 27 *, and as 1 have fefc' 
down the lat. and long de . at the time of obs n . by this it may ap¬ 
pear how far thefe obfervations may be relyed on*, 


miATIOK 
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Variation of the compass from Madera to the W*. Indies,, 
Lark, Captain gray. 


1727 

xber 

Var\ 

P.M. 

z 

0 

0 

cr 

Lat. 

Long de . 

■ Var”. 
A.M. 

85 

s* 

0 

er 

r> 

Lat. 

Long 1 '. 


3 ° 

6 58W 

3 







In Madera Road. 

Jan. 

6 18 

I 

28 52N 

■ 





Lat. W c . end of Madera : 
3a 25 N. Longd*. \W 
from London 17 42. 

I 72 | 

18 





2 16E 

I 

t6 19N 

51 sw 

from 

London. 


19 

2 1 |L 

I 

16 29 

52 & 






20 

2 48 

2 

ib 18 

1 

54 53 


1 

16 16 

1 

& 47 

.JL.—.— 

21 

3 38- 

1 

16 24 

58 20 




: 


22 

1 

3-40 

2 







IQand Defcado S.E. | E. 8 lgs. 
N.WL part of Guardalupa 
S.W, \ S. 6 lgs. N.Et 
part of Antego IS. W. by W. 

8 lgs. 

23 

4 49 

1 

" "" 

: 

1 . 





At die Ifland St. Chrilfopher. 

27 

6 % 








Ifland Altovalla near Hifpani* 
olaNXbyN.f E. 5 lgs- 

Feb. 

J 9 


3 







i 

Tfa$ land ' called Mother La 
Pope, near Cartegena, S. by 
• E, 10 or 12 lgs. 


VARIATION?. 



























Mr, dougl'ass ? S' Obfervations of 


7t>‘ 


"Variation of the compass in going towards Lifbon from Eng¬ 
land, and in the Mediterranean, Dreadnought, Capt. geddes. 


17 3 ° 
May 

Var°. * 
P.M. | 

CT 

O 

Lat. 

Long 11 '. 

Var\ 

A.M. 

5 

0 

0 

er 

Lat. 

Long df . 


5 1 

7 

t3 26W -a 

45 22N 

9 39 w 
from 

London. 






12 3 2 

4 i 3 2 

10 39 
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July 

27 

s8* 

. 1 

12 48 1 







Maud Sizarga S. E. 1 Igs. 
Tins ifland is about 5 lgs. 
to the Wtal of the Gioiu. 

1212 ) 








29x2 26 j 

40 0 

10 3 






,8ber 

8 

4 

rx 10 

■ 

■ 





The Lnd about Cape Dragon 
in the Mediterranean N* by 
E> 1 a or 14 lgs* 

I] 

10 52 

\m 

B 





Cape Toulon N.W.JW. 6 lgs. 

2C 

m 







In Leghorn Road. 



1V 34 

18 54W 
from 
London. 

r 




In our paffage to England# 


VARIATION 
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n 


variation of the compass in the Mediterrannean, 
He&or, Sir roger bulter. 



4 - 


* 731 - 
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Mr. douglass’s uojervawnh 


ms 

Aug. 

Var". 

P.M. 

3 

0 

•*> 

0 

0* 

Lat. 

Long 44 . 

Var". 

A.M. 

as 

-» 

0 

“*> 

0 

tr 

rs 

Lat. 

Long' 1 '. 


9 

11 33W 

2 

38 8N 

14 2W 
from 
London. 





Going from the Coaft of Bar- 
bary to Lilbon* 

10 

11 44 

I 

38 8 

12 55 






1735 

Aug. 

12 19 

3 







In Sal’ce Road on the Coaft of 
Barbary. 


In Scandaroon Bay, 1711,1 louna ier w< vaaauuu. 

At Elfinore and Carlefcroon in the Baltic, 1716 ,1 found a 
a point W l . variation. 


III. Pro* 
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III. 'Proportions feleEled from a Paper on the Divijion of 
Right Lines , Surfaces , and Solids. By James Glenie, 
A. M. of the Univerfity of Edinburgh. Communicated 
by the Aftronomer Royal. 


R. June, 1775. 

PROPOSITION I. THEOREM. 

If from the angles at the bafe of any right-lined triangle , 
right lines be drawn to the alternate angles of rhombi, 
defcribed upon the oppofite Jides, and applied reciprocally 
to the Jides produced', and from the vertex , through the 
interfedlion of thefe lines , a right line be drawn to meet 
the bafe: the fegments of the bafe , made thereby , will 
have to each other the duplicate proportion of the Jides. 

T ETacb be any right 
JL-J lined triangle. Let 
afec, cdgb be rhombi, 
on any two fides ac, cb 
of this triangle, applied 
refpe&ively to cb, ac, 
produced: from the al¬ 
ternate angles ef a,dgb, 
of which let fa, ga, be 
right lines drawn to the 
angles at the bafe, or 
third fide, ab. Then, if through the interfeftion O of 
Voe. LXVI. L thefe 


R 




Mr. glenie’s Proportions . 

thefe'lines, a right line 
cojL lie drawn from the 
vertex c to meet the 
bafe ab ; the fegments 
al, lb, of the bafe made 
thereby, will have to F 
each other the dupli¬ 
cate proportion of the 
iides ac, cb. For 
through the vertex c 
let there he a right line 
drawn parallel to ab, to meet bf, ag produced, if ne- 
cefTary. Then, fince the triangles cqh, cpi, are re- 
fpe&ively equiangular to the triangles AQ£, apb (15. 
and 29. E. 1.); the proportions of ch to ajb and of ab 
to ic are refpedtively equal to the proportions of cq^, 
to qb and of ap to pc (4..E.6.). But the proportion 
of ch to lc is compounded of the proportion of ch to 
ab, and of ab to ic; and confequently is equal to the 
proportion compounded of the proportions of cttto 1 $b, 
and of ap to pc. And, fince the triangles acq ^ apf, 
are refpedtively equiangular to the triangles bqg , bpc 
(15. and 29. E. 1.); the proportions of cqto qb and of 
ap to pc are each equal to the proportion of ac to ps 
(4. E. 6.); and when compounded are equal to the du¬ 
plicate proportion of ac to cb. Wherefore the propor¬ 
tion of ch to ic, which hath been fhewn to be equal to 
the proportion .compounded of the proportions of ,CQto 
qB and of ap to pc, is alfo equal to the duplicate' proper- 

4 tipn 




Mr. glenie’s Proportions. 

tion of ac to cb (n. E. 5.)* But, fince the triangles 
cqh, coi, are refpedtively equiangular to the triangles 
aol, lob, the proportion of ch to ic is equal to the pro¬ 
portion of al to lb (4. E. 6. and 16. E. 5.). Therefore 
the proportion of al to lb is equal to the duplicate pro¬ 
portion of ac to cb (11. E. 5.). IE. D. 

cor. 1. If the-triangle be ifofceles, the right line 
drawn from the vertex to the bafe is perpendicular 
thereto, and the fegments of the bafe are equal to each 
other. 

cor. n. When the triangle is right-angled, the line 
drawn from the vertex to the bafe is always perpendicu¬ 
lar to it (as appears from 8. E. 6. and its cor.); and the 
rhomhi become fquares on the fides comprehending the 
right angle. 

cor. in. The fegments of the fides. adjacent to the 
bafe, are refpe£tively third proportionals to the fum of 
the fides, and the fides themfelves. 

cor. iv. The fegments of the fides adjacent to the 
vertex are equal to each other, and each of them is a 
fourth proportional to the fum of the fides, and the 
fides themfelves w, 

C,OR. 


(a) And it maybe added, a mean in proportion between the two fegments 
adjacent to the bafe. For if a right line ab be any how divided in c, and from 

■ . t - - ,- r .. the two fegments ca, cb, third propor-* 

AD CEB tionals to the whole line and each fegment 

refpe&ively, cd, CB, be taken away, the remainders ad, eb, are equal, and each 
is a mean in proportion between the two cd, ce. For becawfe ab; acssac.cd; 

L a therefore, 



Mr. glenie’s Proportions. 

gor. v. The fegmcnts of the bnfe are proportional 
to the fegmcnts of the tides, which are adjacent to 
them. 

PROPOSITION II. 

Let there be any two right lines given . there is an angle 
which may be made by thefe lines\ Juch that if, from their 
extremities which do not meet , right lines be drawn to 
the alternate angles of rhombi deferibed on them , and re¬ 
ciprocally applied to them when produced ; and from the 
faid angle through the interfedtion of thefe lines, a right 
line be drawn to meet the right line joining the/aid ex¬ 
tremities '.; the fegments of this line made thereby, Jhall be 
refpeSUvely equal to the adjacent fegments of the given 
. lines* 

therefore, by converfion, ab : bc=ca : ad. Again, becaufe ab : bc=bc : ce, 
by converfion ab : ac =bc : be : and by permutation ab : bc = ac ; be. 
Therefore ac : bje=ac : ad. Therefore ad and be are equal. I fay, more¬ 
over, that each of the two equal lines ad, be, is a mean in proportion between 
the two CD, ce. For becaufe ba : ac=ac : cd, by divilion bc : ca=ad : DC. 
Again, becaufe ba:bc=bc : ce, converting and dividing bc : castce : EM, 
Therefore, ce : eb=ad : dc. E. D. t. horsley, 


LET 
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LET ac, cb, be any two 
given right lines, and let cd 
in ac produced be equal to 
cb. On ad dtfcribe a femi- 
circle; draw cn at right an- F 
glcs to ad, and equal to cd 
( i i . E. 1 0 ; join a, n, and 
apply a right line am in the 
femi-circle equal to an (i. 

E. 4.). From the point m 
draw the right line ms at 
right angles to ad (1. E. 4.) Make a triangle acb, hav¬ 
ing its fides equal to ac, as, and cb (by 22. E. 1.); and- 
acb is the angle required to be found; and the feg- 
ments al, lb, of the right line ab joining the extre¬ 
mities a and b of the given lines are refpedtively equal 
to the fegments ap, bq_, of the given lines, which are 
adjacent to them. For the fquareon bc hath to the fquare 
on aC the duplicate proportion of bc to ac (cor. 1. to 
20. E. 6.); that is, the proportion of bl to la (prop. 1.). 
Wherefore the fquares on ac, cb ; that is, the fquare on 
an or am (47.E. i.) hath to the fquare on ac the propor¬ 
tion of AB to AL (18 . E. 5,). But the fquare on an or 
am is equal to the redtangle contained by ad, as (8. and 
17. E. 60 - Wherefore the redtangle contained by ad, 
as, hath to the fquare on ac, the proportion of ab to al ; 
that is, the proportion of the re&angle contained by ab, 
as to the redtangle contained by al, as (i . E. 6.). Con- 
fequently, the proportion of the rectangle ad, as, to the 
• * rectangle 
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redangle ab, as j that is, the proportion of ad to ab (i. 
E. 6.) is equal to the proportion of the fquare on ac to 
the redangle al, as (16. E, 5.) But ad hath to ac the 
proportion of ac to ap (cor. 3. to prop. I.)* Therefore, 
the redangle ad, ac, hath to the fquare on ACthe propor* 
tion of the redangle ac, as, to the redangle ap, as (x. 
E. 6.). Therefore ad hath to as or ab the proportion of 
the fquare on ac to the redangle ap, as (16. E. 5. and 
1. E. 6.). Hence the redangle al, as, is equal to the 
redangle ap, as (i i. and 16. E. 5.), and al, ap, are con- 
fequently equal. But as al to ap, fo is bl to BQ,(by cor. 
5, prop. 1.). Therefore bl, bq., are likewife equal* 
SjE.D* 
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Mr, glenie’s Proportions . 


179 


PROPOSITION III. PROBLEM I* 

to multiply the fquare of a given finite right line by my 

number. 



UPON an indefinite right line ap fet off the given 
right line ab ; draw Be at right angles to ap and equal to 
ab; and from a through c draw an indefinite right line 
aq. Take ad equal to ac, and draw de parallel-to bc* 
ae equal to ae; and draw fg parallel to .bc, and & on. 
Then it appears (from 47. £. 1.), that the Square of ac 
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is equal to the fquare of ab multiplied by 2; the fquare 
of ae equal to the fquare of ad or ac multiplied by 2; 
that is, equal to the fquare of ab multiplied by 4, and fo 
on. Thus the l'quares of ac, ae, ag, at, al, See. are re- 
fpeftively equal to the fquare of ab multiplied by the 
terms of the following feries 2, 4, 8, 16, 32, 64, 8cc. 
where the fixty-third term gives the fquare of ab mul¬ 
tiplied by the lait term of sessa’s Series for the Chefs* 
board. 

If cx be drawn parallel to ap, the fquares of a a, Ab, 
ac, Ad, 8cc. will be refpeftively equal to the fquare of 
Ab multiplied by 3, 5, 9, 17, 33, 65, 129, 8cc, Alfo 
if Ag be taken equal to a a, and ge be drawn parallel to 
bc, and this be repeated, the fquares of ab,_ 8tc.,will be 
equal relpedively to the fquare of ab multiplied, by 
6, 12, 24,48,8cc. And the fquares on a 0, 2zc. will be 
equal to fquare on ab multiplied by 4, 7, 13, 25, 49* 
See. In like manner, if am be taken equal to Ab, and mn, 
be drawn parallel to bc, the fquares on an, &c. will be 
equal refpedtively to the fquare on ab multiplied by 
10, 20, 40, 80, 160, 8cc. And the fquares on as, &c. 
will be equal refpe&ively to the fquare on ab multiplied 
by the terms of the following feries: 6, 11,21,41,81, 
161, &c. 

• ' In the fame way, if right lines be drawn from e, e, g, 

* nJ I, l, &c. there will arife numberlefs other feries. And 
If bc be taken equal to ab multiplied by any number, 
furd, fractional, or mixed, there will be obtained a great 
variety of feries, confuting refpeftively of terms, which 

are 
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are furd, fractional, or mixed. And by dividing bc, de, 
ge, fg, mn, hi, kl, in different ways, according to plea- 
fure, we may apply the fame method to fractional num¬ 
bers, without altering the magnitude of bc. Thus, if 
bc be bifeaed, and a right line be drawn through the 
point of bifeaion parallel to ap, there will be found 
right lines, the fquares on which are refpeaively equal 
to the fquare on ab multiplied by a great number of 
fraaions, having four for their common denominator, 
and fo on. 


PROPOSITION IV. PROBLEM II. 

e fofind a right line , the fquare on whichJhall be equal to the 
fquare on a given right line , divided by a?iy number . 


IF,ufing the figure of the immediately preceding pro¬ 
blem, we fuppofe the given right line to be denoted by 
al, the fquares on ak, ah, af, ad, ab, Slc. will re¬ 
fpeaively be equal to the fquare on al multiplied by 

T> b b TO TIP 7 b 5 -b divlded b ? 

2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, See.; andio 
on for other numbers, whole, furd, fraaional, or mixed. 
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PROPOSITION V. PROBLEM III* 

to cut off from a given right line a part expreffect by any 

odd number. 

LET ab be the given right 
line. At right angles to it, at 
one of its extremities b, draw 
an indefinite right line be. 

Let n be the given odd num¬ 
ber, which expreffes the part 
■of ab which is to be cut off. 

Take bc fuch a right line (prob. 

8 .), that the fquare on it lhall 
be equal to the fquare on ab, 

multiplied by the number * 2 *• 

Draw cl as in the firft theo¬ 
rem, and take ls equal to lb. 

I fay, as is that part of ab, 
which is expreffed by the odd number n. 

For the fquare on ac being equal to the fquares on AB, 
bc, is equal to the fquare on ab multiplied by the number 

+ i, or Therefore it appears (from prop. i. 

, _ , . , . w—x . n—i 

and cor. x. to 20. E. 6 .), that alis to lb as -j~+1 to T"* 

Lonfequently, as is equal to the part required. E. F. 

3 • Thus, 
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Thus, if the fquare on bc be fuppofed fucceffively 
equal to the fquare on ab multiplied by the terms of the 
feries 5, 6, 7, 8, 9,10,11,12,13,14,15,16, 17,18, 
See. the numbers of the feveral parts denoted by as, will 
be 11,13,15,17, i9> 21, 23, 25, 27, 29, 31, 33 ) 35 ) 
37) 39) 4 1 ) & c * which feries comprehends all odd num¬ 
bers after 9, and might have begun from 3 had the other 
feries begun from 1. 
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PROPOSITION VI. PROBLEM IV. 

To cut off from a given right line a part expreffed by any 

even number . 



Let m denote any even number in general. Draw any 
indefinite right line bh, and at right angles to it another 
be. On be fet off the given right line ba, and from a, 
with the diftance equal to a right line, the fquare on 
' which is equal to the fquare on ab multiplied by the 

number 
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number m- 1, interfed bh in fome point c. From the 
vertex a of the triangle bac draw al as was directed in 
prop. 1. and draw ls parallel to ca. I fay bl is fuch a 
part of bc as is expreffed by the number m\ and that bs 
is the fame part of ab. For it appears (from prop. 1.) 
that bl is to cl as 1 to m- 1. Wherefore bl is the m th 
part of bc. And bs is the fame part of ab that bl is of 
bc (4. E. 6.) 

Thus if the fquare on~AC be fuccefiively denoted by 
the fquare on ab multiplied by 3, 5, 7, 9, 11, I3> 

17, 19, 21, 23, 25, 8tc. bs will be fuccefiively fuch a 
part of ab as is expreffed by 4, 6, 8,1 o, 12, 14, 16, 18, 
20, 22, 24, 26, 28, 8cc. 


PROPOSITION VII. THEOREM It. 

If from the angles at tbebafe of any right lined triangle. t 
right lines be drawn to the alternate angles of rhombi 
described on the other two Jides , and reciprocally applied to 
them produced,\ and through the interfedtion of tbefe lines , 
a right line be drawn from the vertex to the bafe ; the 
redlangk contained by the fines of the angles at the ex¬ 
tremities of one of the Jides , will be equal to the reBangle 
contained by the fines of the angles at the extremities of 
the other M ; and the parallelepiped contained bythefmesof 

the 


(b) The author means, that fin. Act xfin. CAtrrfin. bcl x fin. chj. (fee 
fig. prop. 1.). For fin. Act : fin. t=At: ac, and fin. t: fin. BCL-BCtBt. Take 
(t, a third is proportion to At, ac. Then, becaufe ac* : bc’'.sai : n will 

• „ likewife 
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the angles of one of thofe triangles , into zvhich the origi¬ 
nal one is divided by the faid line drawn from the vertex, 
will be equal to theparallelepiped contained by the fines of 
the angles of the other. 

cor. The two triangles, adjacent to the fegmentsof the 
bafe, have to each other the proportion of the two adja¬ 
cent to the fides containing the vertical angle, or the pro¬ 
portion of the two into which the original triangle is di¬ 
vided; and any one of thefe pairs of triangles are as fimi- 
lar figures defcribed on the fides, being as the legments 
of the bafe, which have to each other the duplicate pro¬ 
portion of the fides. 

PROPOSITION VIII. THEOREM III. 

If from tbe angles at tbe bypotenufe of any right angled 
right lined triangle , right lines be drawn to tbe alternate 
angles of Squares defcribed on tbe fdes containing the 
right angle , and from the point where the right line 
drawn from tbe right angle , through their interfeBion , 
meets the bypotenufe , right lines be drawn to the points, 
where thefe lines meet the fides j the lines fo drawn will 


fijtewife be a- third in proportion to lb, bc. Hence, fin. acl ; fin. LteAC : n\ 
and fin. l : fin. bcl=n : bc. Ex aquo periurbate fin. a Cl; fin. bcl“AC : bc. 
Butfin. cbi : fin. cal=ac : bc. Therefore, fin. a ex :fin. bci=:cbl : fin, CAL* 
and fin. acl x fin. cal ss fin. bcl x fin. cbl. E. D. And hence, 

fin. LXfin. Acixfin. cal = fin. ixfin. BCLXfin.CBt, which is the fecood 
branch of the propofition. s. horsley. 


make 
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make equal angles with the hypotenufe , and the right line 
drawn from the right angle to meet it, and will likewife 
have to each other the proportion $f the fides containing 
the right angle's). 

COR. 


(c) For in die triangle ace, having the angle at c right, conftruft the figure 
os in the firft proportion, and join lp, lq. The author affirms, that the angles 


D 



f la, qlb, and alfo the angles clp, qlc, are equal, and that n : lq=ca: cb. 
Produce lp, lq^, till they meet the right line jh in M, if. Now, becaufe mn, ab, 
are parallel, therefore al : mc~ap : pc, and cn ; lb — c<^ (or pc) : qb. 
Therefore, al x cn : mc x lb=ap : qb. But af : qb=al : lb (by theor. i. 
cor. 5.), Therefore, al x cn : mc x lb At : lB. Therefore, cn and cm are 
equal. But becaufe the angle acb is right, cl is perpendicular to ab (by 
theor, 1. cor. 2.), and confequently to MN. Therefore the angles Met, ncl, 
are right, and mc being equal to cn, and cl common to the two triangles mcl, 
ncl, ml will be equal to ln, and the angles mlc,cml, equal to nlc, cnl, respec¬ 
tively. Hence it is evident, diat the angles clp, clq^, are equal, and each is 
half a right angle; and likewife pla, qlb, are equal, and each half a right angle. 

Further, 
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cor. i. The alternate triangles of thofe four, which 
have their vertices in the point, where the right line 
drawn from the right angle meets the hypotenufe, are 
fimilar, and have to each other the proportion of the 
fegments of the hypotenufe, or the duplicate proportion 
of the Tides containing the right angle. 

cor. n. Either pair of the adjacent triangles lying on 
different fides of the right line drawn from the right 
angle, and having their vertices in the interferon of the 
right lines drawn from the angles at the hypotenufe, 
have to each other the proportion of the alternate trian¬ 
gles, having their vertices in the interfedtion of the firft- 
, mentioned line and the hypotenufe. 

cor. hi. The trapezium or quadrilateral figure formed 
by the fegments of the fides adjacent to the right angle, 
and the right lines joining their extremities with the in¬ 
terferon of the hypotenufe, and the right line drawn 
from the right angle to meet it, is capable of being in- 
fcribed in a circle; and is divided at the interferon of 
right lines drawn from the angles at the hypotenufe to 
the alternate angles of fquares, defcribed on the fides 
containing the right angle, into triangles which are pro¬ 
portional to one another, and when taken two by two, as 

Farther, the angles, pla, cl<^, are equal, each being half a right angle. And 
the angles pal, lcq^, are equal (by 8. Elem. 6.). Therefore the angles apl, cql, 
will be equal, aad the triangles apl, cql, fimilar, and the fides fubtending the 
equal angles proportional. Therefore, pl: LA=qt :tc. By permutation, 
i p : lqj= la : lc. Bat la : lc = ac : cb (by 8. Elena. 6.). Therefore, 
lp ; ac : ci. J E . D > s. hgb.si.ey. 

, ’4tlicy 
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they lie adjacent on different Titles of the diagonal, are 
proportional to the unequal tides of the trapezium, and 
to the two triangles into which tl^e diagonal divides it. 
For opl : opc=lo : oc=oop: oqc. Therefore, opl : oql 
=opc : oqc^lpc : lqc=lp : Lq. 


PROPOSITION IX. THEOREM IV. 

If from the angles at the bafe of any right lined triangle,, 
right lines be dfawn to the alternate angles of rhomboids 
defcribed on the other two fides, and reciprocally applied 
to them produced, a right line drawn from the vertex 
through the interfe&ion of thefe lines will cut the bafe into 
two parts , having to each other the proportion com¬ 
pounded of the proportion of the Jides, and of the propor¬ 
tion of the other two lines comprehending the rhom¬ 
boids. 

I SHALL fubjoin a demonffration of this theorem, 
fince the firft proportion in thefe papers is only a parti¬ 
cular cafe of it. 
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Let the triangle be acb, the bafe ab, the rhomboids 
acef, ccdg; and let the right lines bf, ag, be drawn. 
Then, if from the vertex c through their interfe&ion O, 
a right line col be drawn to meet the bafe, the fegments 
al, lb, thereof will have to each other the proportion 
compounded of the proportions of ac to cb, and of ce 
to cd. For through the vertex c let a right line ich be 
drawn parallel to ab, to meet bf, ag, produced, if nccef- 
fary. Then, fince the triangles cqh, cpi, are refpedtivcly 
equiangular to the triangles aqb, apb (15. and 29.E. 1 
the proportions of ch to ab, and of ab to ic are refpec- 
tively equal to the proportions of co_to qb, and of a p to 
pc (4. E. 6.). But the proportion of ch to ic is com¬ 
pounded of the proportions of ch to ab and of ab to ic; 
and confequently is equal to a proportion compounded of 
the proportions of cqJ:o qb and of ap to pc. And fince 
the triangles accl, apf, are refpe&ively equiangular to 
1 the 



Mr. glenie’s Proportions. 91 

the triangles bqg, bpc (15. and 29. E. 1.); & e propor¬ 
tions of co^to qb, and of ap to pc, are refpedtively equal 
to the proportions of ac to bg or cd, and of ae or ce to 
cb. Wherefore the proportion of ch to ic is equal to the 
proportion compounded o t the proportions of ac to cd 
and of ce to cb, or of ac to cb and of ce to cd. But 
fince the triangles coh, coi, afe refpe&ively equiangular 
to the triangles aol, lob, the proportion of ch to ic is 
equal to the proportion of al to L 3 (4. E. 6.). There¬ 
fore the proportion of al to lb is equal to the propor¬ 
tion compounded of the proportions of ac to cb and of 
ce to cd, Jh E. D. 

scholium. If ce, cd, be equal to each other, al hath 
to lb the proportion of ac to cb, and cl bifedts the an¬ 
gle acb ; if ce have to cd the inverfe proportion of ac to 
cb, al is equal to lb ; if ce have to cd the proportion of 
ac to cb, al hath to lb the duplicate proportion of ac to 
cb ; and univerfally, if ce have to cd any multiplicate 
proportion, n, of ac to cb, al hath to lb fuch a multipli¬ 
cate proportion of ac to cb as is expreffed by the num¬ 
ber tt+i. And if ce have to cd any multiplicate pro¬ 
portion in of cb to ac, al will have to lb fuch a multi¬ 
plicate proportion of cb to ac, as is expreffed by the num¬ 
ber m- 1. 
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IV. A new Method of finding Time by equal Altitudes . 
By Alexander Aubert, Itfq. F. R. S. 


r. Nov. 9, AMONG the various methods pra&ifed for 

I77S * Jt Jl finding time, that by equal altitudes of 
the Sun or of a ftar, hath hitherto been efteemed the moft 
eligible for obfervers who are not furnifhed with a good 
and well-adjufted tranfit inftrument. But this method, 
.although one of the belt, is generally attended with in- 
conveniencies, which render the pra&ice of it more dif¬ 
ficult, and the refult lefs perfect than one could wifh. 

If the Sun or liars near the equator are made ufe of, 
as ufual, and the altitudes are taken near the prime ver¬ 
tical, where the change of altitude is the quickeft, the in¬ 
terval of time between the obfervations mull, in moft 
latitudes, be of fo many hours, that the obferver cannot 
always attend to the correfponding altitudes: the weather 
may prove variable, fo as to difappoint him atlaft; the 
clock or watch may go irregularly during fo long an in¬ 
terval; and if the altitudes cannot, on account of their 
great diftance from the meridian, be taken very high; 
an alteration in the ftate of the atmofphere may produce 
a variation of the refraction, and occafion the horary 
arcs to be different, although the apparent altitudes will 
be the fame. To which may be added, the difficulty of 

making 
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making the inftrument follow the object in its motion in 
azimuth, without danger of difturbing its adjuftment in 
regard to altitude. 

To remedy all thefe inconveniencies, the following 
method was thought of; and having been pradtifed with 
conftant fuccefs, it is prefumed, the communication of 
it may be acceptable to aftronomers. 

If a ftar is feledted, of which the polar diftance is very 
little lefs than the complement of the latitude of the 
place of obfervation, it will, at equal diftances from the 
meridian, come to vertical circles, which touch its 
parallel of declination. The ftar, when in thefe ver¬ 
tical circles, will be near the meridian, near the prime 
vertical, and near the zenith; and confequently, if it be 
obferved there, the interval between the Eaftem and the 
Weftem altitudes will be fliort; the alteration in altitude 
will be quick; the ftar cannot be affected by a different 
refradtion; befides, it will have no motion in azimuth. 

To obferve the ftar in thefe vertical circles, two things 
are neceffary; the firft is, to be provided with an aftro- 
nomical quadrant, having three or more horizontal 
wires in the telefcope, and if it have alfo a Jpeculum at 
the eye-end of the telefcope, to bring the vertical ray 
horizontal, it will be found very convenient. The 
next thing is, to make a computation of the apparent 
zenith diftance of the ftar in the vertical circles which 
touch its parallel of declination; for if the telefcope 
be fixed to this zenith diftance, as foon as the ftar is 

found 
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found to come to it, it will be in the proper vertical 
circle. 

The true zenith diftance is found eafily in the follow¬ 
ing manner; and if diminilhed by the refraction be¬ 
longing to it, it will give the apparent zenith diftance 
wanted. 

Let hmom repre- 
fent the horizon; z the 
zenith; mm the meri¬ 
dian; p the pole of the 
equator; yy the paral¬ 
lel of declination of a 
ftar, interfeCting the 
meridian very near the 
zenith between z and 
p. Then, the vertical 
circles ze on the Eaft- 
em fide of the meri¬ 
dian, and zw on the Weftern fide, being drawn to touch 
the path of the ftar, the hour circles palling through the 
points of contact e, w, will be at right angles to the circles 
of azimuth ze, zw. 

Now in the right-angled fpheric triangle pez; pz the 
complement of the latitude, and pe the ftar’s polar dif¬ 
tance, being known, the other parts are eafily found; 
viz, ze the zenith diftance, pze the azimuth, zpe the 
horary angle. So that the telefcope may be fixed pro¬ 
perly, the pofition of the inftrument is alcertained, and 
the time known when the ftar may be expected in the 

field 
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field of the telefcope; and if the vertical uire is cm.e 
brought near to the ftar, the ftar will appear to mo\ e 
parallel to it, and will pafs fuceefiively over the horizon¬ 
tal wires, while the inftrument remains undifturhcd. 

The advantage of this method will appear in the fol¬ 
lowing example of equal altitudes, taken the 15th July, 
1773, at Loam-pit Hill, near Deptford, in latitude 
51 0 28' 7 // N. and longitude 5" in time W. of the Rca a! 
Obfervatory at Greenwich. 

The ftar feleCted was y Draconis, having 38”' 28' 2i r 
apparent North polar diftance, being very little lefs than 
the complement of the latitude 38° 31' 53". 

Then cof. pe : rad. :: cofi pz : cof. ze = 2° 19' the zenith diftance, 
and fin. pz : rad. :: fin. pe : fin. pze = 87° 5' 20" the azimuth, 

alfo rad.: tan. pe :: cotan. pz : cof. zpe = 3 0 43' 13" the horary arc = 14 52,9 

/ a 

in fidereal time, or 14 50,5 in mean tune. 

The true zenith diftance being 19', the fame was 
diminifhed by 2" for refraction, and the telefcope fixed 
to 2 0 x 8' 58", the apparent zenith diftance; and when the 
ftar came to the wires, the times by the clock were as fol¬ 
low: 


Eaftern altitudes, 
b r U 

xftwheat 95543 J4 « 

aft 9 57 57 2 f 

3d 10 o 9 


Weflern altitudes, 
h ' ft 


2' 14'' 

2 12 


10 29 46 
10 27 32 
10 25 20 


Meiidian paflage. 

h t rt 

xo 12 44,5 
10 12 44,5 
10 12 44,5 


fo that in about 34' the compleat fet of altitudes was ob¬ 
tained near the prime vertical, free from the effects of a 
different refraction, and any motion in azimuth. The 

horary 
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horary arc obferved by the middle wire not turning out 
exa&ly according to the computation, is of no confe- 
quence to the obfervations. Some little difference may 
arife in it from fmail inaccuracies in the eftimation of the 
liar’s apparent polar diftance, the latitude of the place, 
or the error of the line of colliraation; or from not fetting 
the telefcope exactly to the proper zenith diftance; but 
as the chief intention of the computation is to find the 
vertical circles in which the ftar hath no motion in azi¬ 
muth, the other parts of it need not be ftriftly attended 
to. 

The following manner of inferring mean time from 
the ftar’s meridian paffage being more convenient and 
concife than the ufual one, may alfo be acceptable. 

From the ftar’s apparent right afcenfion, increafed by 
24 hours if neceflary, fubtra<ft the Sun’s apparent right 
afcenfion for apparent noon; diminilh the remainder by 
the proportional part of the ftar’s acceleration, at the rate 
of 3 / 5 5^,91 for 24 hours, of which a table is eafily com¬ 
puted; to this laft remainder apply the equation of time 
for apparent noon, according as it is additive or fub- 
tra&ive; the refult will be the mean time of the ftar’s 
palling the meridian. 


EXAMPLE. 
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example. 




The apparent JR of yDraconis the 15th July, x 773, was 

h 

*7 

f 

St 

ft 

24,3 

—the apparent JR of the Sun at apparent noon. 

7 

39 

59.3 

Firft remainder, 

k / tt f tt 

10 

11 


— the ftar’s acceleration for 10 11 25, at 3 55,91 for 24 hours 


1 

40,2 

Second Remainder, 

10 

9 

44,S 

+ the equation of time at apparent noon, additive. 


5 

» 7.7 

Star’s meridian paflage in mean time, 

10 

1 5 

12, $ 


But the clock ftieVed io h 12' 44", 5 when the ftar palled, 
confequently it was 2' 28^0 too flow for mean time. 

Obfervers, who are not fumiflied with tables of the 
Sun’s right afcenfion and of the equation of time for 
the apparent noon of their meridian, may apply both 
as they are given in the Nautical Ephemeris for the meri¬ 
dian of the Royal Obfervatory at Greenwich; the refult 
will be the mean time of the ftar’s pafling the Greenwich 
meridian. And by applying the proportional part of the 
foregoing acceleration of 3' 5 5", 91 , belonging to the dif¬ 
ference of longitude in time of the place of obf§rvation 
from Greenwich, the mean time of the ftar’s pafling the 
meridian of the place of obfervation will be found. If the 
place be to the Eaft of Greenwich, the acceleration will 
be additive; if to the Weft, fubtradtive. 

Vo u Lxyi. O 


In 
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In a fimilar manner,'the mean time of any obfervation 
made with a clock, regulated to lidereal time, may be in¬ 
ferred, provided the preceding tranfit of the Sunhath been 
obferved; for if from the time of the obfervation by the 
clock, increafed, if necefiary, by 24 hours, the time of 
the obferved tranfit of the Sun be fubtra&ed, the re¬ 
mainder, diminifhed by the proportional part of 3' 5 5",91 
and duly corre&ed by the equation of time for the pre¬ 
ceding noon, will give the mean time required. It is 
underload, that the clock keeps the rate of fidereal 
time exactly; for if not, a further correction for the lofs 
or gain fince noon mutt be applied. 


Y.Jti 
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V. An Account of Falkland Iflands. By William Clay' 
ton, Efq. of bis Majeftfs Navy. 


R. Nov. 9, XT’ALKLAND’S Iflands, or, as the Spa- 
1775- X 1 niards and French call them, the 
Maloine Iflands, are fituated between the latitude of 
5 a° 26' and 51° 6 ' S. and longitude from London 56° to 
6o° 30' W. They are numberlefs, forming a mafs of 
broken high lands, or very low fedgy keys and funken 
rocks. The largeft is the Eafternmoft ifland, and on the 
Eaftem lide the Spaniards had a fetflement, which the 
crown of Spain purchafed of M. Bougainville, who, on 
his private account, had formed a fettlement in the year 
1764, at the time that Commodore byron had firft dif- 
covered Port Egmont. The next large ifland is of a very 
confiderable extent, and hath many excellent harbours 
on it. Between thefe two runs Falkland’s Sound, which 
is navigable through; but the South entrance is pretty 
full of low fandy keys. Adjoining to the fecond large 
ifland, to the Weftward, lies Saunders’s Ifland, on which 
the Englifh fetflement was made, a blockhoufe erefted, 
feveral fpots inclofed for gardens and three ftorehoufes, 
and five dwelling-houfes or huts, built at different times' 
by the fliips crews who were ftationed there. The har¬ 
bour of Port Egmont was formed by thefe iflands, and 

O 2 another 
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anotherhigh, barren, rocky ifland, named Kepple’s Ifland, 
and fome other lefler iflands to the N.E. and Eaftward, 
and was intirely land-locked, or inclofed by the land, on 
every point: it was very fpacious; the bottom was 
muddy and good holding ground. From the hills 
through the bogs drained feveral runs of water, and as 
the landing-places were good, and a natural fmall cove 
for boats to lye in fafety on the North-fide of Saunders* 
Ifland flieltered from the S.W. winds, it induced Captain 
Macbride to begin the fettlement on it. 

The larger iflands are overfpread with a fliort, tufty, 
round graft; a Ihrub with a fmell like rofemary; a ihrab 
of the myrtle kind, which in March and April bloffoms n ; 
a white flower, of a faint violet fmell; a fmall annual 
plant, of the wormwood kind. Near the fhore, when¬ 
ever therq is a fandy foil, a fpecies of graft grows, called 
Penguin graft,* sfeom the birds of that fpecies making 
their and burrowing under ground like rabbits in 
holes. This graft grows four or five feet high; the blades 
are broad and coarfejike rufties; the roots, when roafted, 
eat bke almonds. Ground-forrel every where abounds 
in the greateft plenty; is extremely tart, and a moft 
excellent antifcorbutic; the flower it produces is exactly 
like the wild rofe which grows in the hedges in England. 
Celery* pepper-grafs, and feurvy-gr^ft, alfo abounds upon 
every ifiswd. Maidenhair (improperly fo called) is plenty; 
the berries are ripe inFebruary and March, and very plea- 

(a) Lieutenant ciaytcw bath tvro «r tllree of tliefe fhnibs in hia garden at 
Pfcckham, 
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fant. A fmall fpedes of cranberry abounds, and is the 
food of the wild geefe all the autumn, when the geefe- 
are beft. In the fpring feafon, and part of th$ fummer, 
there fprings up an extreme pretty humble flower, which 
neareft refembles in leaf the auricula, but in flower the 
primrofe; only they blow quite white. In very barren 
craggy fpots, and even out of the clifts of the rocks near 
the fea-lhore, grows in the fummer feafon, a fmall Airub 
which produces an uncommon but pretty flower, fhaped 
like a lady’s pocket; the colour is a rich yellow,! termed 
it queen’s pocket: the feeds are very- fmall. Thefe are 
all the natural vegetable productions, and nothing rifes 
to any flze, nor doth any tree grow, on any of thefe . 
iflandsw. 

The prevailing winds are from the S. to the W. for 
two-thirds of the year, and in general boifterous and 
ftormy. The N. and N.W. winds are mild and warm; 
but feldom of long continuance. The winds from the 
N.E. are moift, foggy, and unwholefeme* From E. to 
S. are moft pernicious, blighting, andtempeftuoua ; they 
afiedt man, bird, beaft, and vegetation: nothing can ftand 
it which is expofed. Happily its duration is fhort; it 
feldom continues above 24 hours. It cuts the her¬ 
bage down as if fires-had been made under them;'the 
leaves are parched up, and crtrmble tb draft.' The fowls 

are feized with cramps, fa as to become lame,, and never 
% 

(b), Wood ftrawberries grow on thefe ifiends, and are ripe in March; are of 
an earthy infipid tsufte,. and grow ter thtrfize cf^comnlDQ ftaatt%Wbety^M 
England. < 1 v 3 'iu ' 
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recover; but continue to decline till the whole fide is de¬ 
cayed which was firft affected. Hogs and pigs are fud- 
denly taken with the flaggers, turn round and drop, ne¬ 
ver to recover. Men are opprefled with a flopped perfpi- 
ration, heavinefs at the breaft,fore throats; but they foon 
get over it, by due care. 

The fea abounds with mullets, and fome of a very 
large fize up to ten pounds weight. Smelts in abundance, 
and as large as fourteen and fifteen inches in length; I 
have taken fuch with an angling line and rod. Tranfpa- 
rent fhh, lhaped like a pike about the head, but not 
larger than a herring: thefe tranfparent fifh are fo clear 
when caught, that you may fee through them; they have 
no red blood, but when cut a flimy water iflues out, which 
I iuppofe is their blood. There are three or four fpecies 
of the. common loggerhead, or J'culpa fifli, common oil 
the Englifh coafts. • A finall fand-crab, -finall cray-fifh, 
arfe to be ^ot. Mufcles are plenty, with limpets, and a 
few Tmall clams. The mufcles are very large and fine, 
and no way dangerous. In the river on the large ifland, 
are finall fifli like trout, very delicious; and no other fort 
whatever. 

The amphibious animals are of four kinds, though 
feemingly of the fame genus : the fea-lyon and the feal 
are difhndt; the clapmatch feal and the fur feal are alfo 
diftinifl animals. The fea-lyon,and.lyonefs are bull- 
faced, with long fhaggy hair; the common feal is fmooth; 
the clapmatch is beft pi&ured in Lord anson’s voyage, 
under the name of fea-lyon, in the drawings; the furr 

feal 
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feal has its name from its coat, which is a fine foft furr, 
and is thinner fkinned than any of the others. They all 
come on fhore in December, to whelp their young; and 
remain moftly on land till they engender again. During 
this feafon it is rather dangerous coming near them, for 
the males are then vicious, and will endeavour to hurt 
any one who approaches their females; but at all other 
times they endeavour to make to the water, where they 
are fafe. In mild warm days, during the fummer, they 
come on fhore, and lye balking in the Sun. 

I confider the penguins as amphibious animals, par¬ 
taking of the nature of birds, beads, and fifties. There 
are four kinds; the yellow, or king penguin; the red; 
the black or holey, from their burrowing under ground; 
and the jumping jacks, from their motion. Thefe crea¬ 
tures generally live in the fea, have very fhort wings 
which ferve for fins, are covered with fhort thick fea¬ 
thers, and fwim at an amazing rate. On fhore they walk 
quite erecd with a waddling motion, like a rickety child; 
and their breads and bodies before being quite white, at 
a diftance have, at firft light, the look of a child waddling 
along with a bib and apron on* They come on fhore to 
lay and hatch their eggs in. Q&ober; the yolks of the 
yellow, the holey, and jumping penguins, axe yellow; 
but of the red. penguins, it is red. AU their eggs are 
good nourifhing food, and a great refrefhment to the fea- 
men; but the flefh of thefe animals is csoarfe, fifhy, and 
wholly unfit to eat*. 


, . $he 
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The; only beaft on thefe iflands is a fox, very nearly 
refembling thfeEnglifh fox; it is now very ihy and fcarce 
to be got.’ ! 

Of birds. There are three forts of wild geefe: the 
mountain goofie is fomewhat larger thanaMufcovy duck*, 
feed always on the mountains, is pleafant tailed, atrd pre¬ 
ferable to the other forts, but is fcarce. Its plumage on 
the' bach isdpeckled with brown and black, of a greeniih 
hue; and towards the neck turns of a glojfy beautiful 
golden colour; the breaft is coloured like a pheafant. 
The 1 other goofe feeds in the vallies on the wild cran- 
befoies and grafs, and is as large as a tame goofe; the 
gander is'black and white fpeckled; the goofe isalmoft 
likb the mountain goofe, but darker and not fo beautiful* 
Thefe are good food in general; but beft and fatteft in 
February, March, and April. Of the fea-goofe; the 
gahdirisAihit^the goofe mottled, black-and white; they 
feed always *«ri the fea-fhore, and are fcarcely eatable. 
WM ducks, widgeon, teal, and the ihelldrakes, are the 
fame as in Europe. But here is a fpecies of ducks, called 
the loggerhead, from its large head. They have ihort 
wings, are unable to fly, and only fwim and flap along on 
the water at an extraordinary rate. When driven aihore 
with boats they run fail, but foon fquat down and are 
eafily caught; they are eatable, but are but indifferent 
food: they are of a dark brown ditty colour. 'Snipes are 
plenty, and fo exceedingly tame that we could fliy'arthem 
with flicks, and get a diih whenever we wahtCcb •' Of 
fmall birds there are feveral forts; the red breaft, fpeckled 
5 * 4 bn 
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on the back like a partridge; the yellow bread; the 
white throat; the quaker, from its plumage being of the 
colour thofe people wear; the fparrow; tom-tit; linnets, 
and a bird like a goldfinch. Hawks are numerous; the 
eagle, the golhhawk, the fparrow and the common 
hawk. Of every kind our crew ate, and found them 
very good and nourilhing; owls there are not numerous. 

Over the feverai iflands is a furprizing fpecies of ve¬ 
getation, which I know not what to call. It refembles, 
at firft view, our molehills in the marfiiy grounds in 
England. It is circular; fometimes fix feet round, fome- 
times lefs. From the furface oozes out a gum in round 
blebs, of the fmell and) tafte of balfam. capavia. The 
body of thefe hills is formed within by a number of finskU 
fubftances, like the cones of pines. The outfide is crufted 
over with dark green fmall leaves, runnfcxg iittw each 
other, and cemented as if with glue. I opened feverai, 
and found that no vernfin formed them; but there ac¬ 
tually was a kind of vegetation; and yet the wild cran- 
henies vegetate on them when the feed* is lodged on 
them. The balfam I brought to England, and it is now 
on trial by an eminent furgeon. 

Fern aJwrandsrbu* is of a weaker fort than ours in 
Europe. We tried the funz^feed, and it came up? but 
fo weak and poor that it would never increafe er thrive. 

, We found the feafon for fowing all kinds of garden feeds 
was abeufc three weeks later than dire&ed in the fpring 
or fidlb^ itiLLRR, remembering to reverie his months, 
casing Sff^ber, March, 8cc.; but all kind of ctAMairf* 
Vol. LXVI. P berbs 
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herbs and roots came to as great perfection as in England, 
and in great plenty, only we were forced to ihelter every 
bed in llie garden, by a good fod wall, from the S.W. and 
S.E. winds as much as poffible, otherwile our labour 
would have been in vain. 

The latter end of September or beginning of October, 
the fea birds begin to come on fliore to build nefts and 
lay. The firft which appear are the albatrofs, which are 
about-the fize of a large goofe, quite white, except their 
Wings, which are a dark brown; the bills are of a dirty 
yellow, about three inches long; very ftrong and the 
edges fliarp as a knife, hooked at the point; they breathe 
hard through two fmall holes in the billclofe to the head, 
and frequently make a found like a trumpet which chil¬ 
dren buy at fairs. Their wings are very long and narrow, 
with four joints in each wing, and extend ten or twelve 
feet tip.-to up* -Their feet are webbed, very thin, 

hUve three daws; on the outer daw.are four joints, the 
middle three, and the inner one. When they come to 
their towns, as we called their nefting-places, it is by hun¬ 
dreds. They fet very tame, and continue one dr other 
continually founding their bills. They never move off 
their nefts let what will approach, and we ihoved them 
off whenever we wanted their eggs. The egg is much 
larger than a goofe’s. The yolk is yellow; the white 
never boils hard, and always continues as dear as iftng- 
glafs; our crew found them a good refrefta&ent, though 
I thought them very ftrong. The nefts of thefe birds 
are made on the ground with earth; are round, about 
5 . 2 
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one foot high, and dented at top. While the hen fits, the 
male keeps conftantly on the wing, and morning and 
evening returns with food to her. As foon as thefe birds 
have hatched, and the young ones are able to leave their 
nefts, the jumping penguins repair to the nefts and oc¬ 
cupy them. The young albatrofs’s remain among them 
while the old ones go and feek food, with which they 
regularly return morning and evening. The feafon for 
every fpecies of birds, wild and tame, laying and hatch¬ 
ing is from September to December or January, and as 
all the, eggs are very eatable, navigators touching at thefe 
iflands in thofe months will meet great refrefhment. In 
thofe three months we never meddled with the land geefe, 
as they were breeding and could not be good. , - 

The foil is in general .boggy, barren, and FQcky J but 
aftprds gp < od.P^ ljra ^ e rallies, and levql Tpflts % 

fheep and goats, and would for cattle, which might be 
out all winter; for that feafon is more remarkable for its 
mildnefs than in the fame degree of Northern latitude. 
The funnpa er is as remarkably cold, and both proceeds 
from the prevailing winds; in the winter the N. and 
N.E. winds are frequent, which brings warm, mild, 
moift weather. In the fummer, the S. and S.W. and S„E. 
prevails, which are cold, iharp,and blighting; but in ge¬ 
neral, throughout the year, there is very little difference 
in the weather, but moftly cold. The thermometer fearce 
ever exceeds 64° in the warmeft days, and very feklom 
in winter is below the freezing point, though I havefepn 
it freezing; hut that did not continue^(png, 
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nor does the fnow continue in the plains or vallies a week 
together, or froft laft fo long; but the weather in win¬ 
ter is perpetually changing, the fnow lies on the hills for 
nine months. 

There is a great plenty, and fame Variety of ttiofs on 
all the iflands, and moft of it when wet with water-dyes 
of a brick-duft red. I tried it with other liquids, but 
found it ftill the fame; fo I believe it can be of nb ufe. 

The coafts of thefe iflands abounds with whalesWthe 
fpermacetikind; the iflands with innumerable feals and 
fea-lions, from whence a valuable -filhery might, if 
j thought proper, be carried on ( 0 . The pflfage out is 
twelve weeks; the fame home. Ships nflght be loaded 
f with oil ready made in fix and eight weeks*-and thejpfice 
^ that article greatly reduced. "* * 

Thefe are all the remarks I made while I commanded 
Is foe**?’ defolate; boggy ^ reeky in 

' 1 ( 774 - ’* >* ' 7*3 

f » 

(t) The year on which Lieutenant ciayton left the.Falkland Iflands,. 
'thwe were ten veffels from North America employed ip whale fcthjpg; $pd it is 
fnppofed, that the voyages anfwered very well, thopgh in, going opt they com¬ 
monly proceed as far to the E aft ward as the Cape de Verde Iflands. 
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VI. ‘Short cmd eafy Theorems for finding, in all cafes* the 
Differences between the Values of Annuities payable 
Yearly, and of the fame Annuities payable Half-yearly^ 
Quarterly, or Momently . By the Rev. Richard Price, 
D. D. F. R. S. In a Letter to Sir John Pringle, Bart. 
P.R.S. 


R. Nov. 9, rri£[E values of annuities, as given in all the’ 
l77S ‘ X common tables, fuppofe them paid yearly. 
Bnt it is well known, that generally they are paid half- 
yearly, and fometimes .quarterly thtfr this is i cir- 
eumftance which always adds to their ' The* 

difference between the values -of annuities, According as 
they are paid in thefe different ways, 1 have feen no- 
whereftatedwithaccuracy; and therefore, I have thought 
that the following attempt to do this may he of ibfne 
yfe* 

Annuities are of two forts. They are either payable 
certainly or conditionally. Of the former fort are all an¬ 
nuities which are payable at 'fixed times, without de¬ 
pending on any contingency. Of the latter fort are all 
annuities on lives. I will firft coniider the firft. fort of 
annuities. 

Let r denote the intereft of if. for a year; and rfie 
term or number of years during which any annuity is to 

* i- ^ 
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be paid. Let p denote the value of the perpetuity, or 
the quotient anting from dividing i£. by its intereft for 
a year. Lety denote the value of an annuity for n years, 
fuppofing it to be pai'd yearly; h its value, payable half- 
yearly; q its value, payable quarterly; and m its value, 
jpayable momently. 

THEOREM I, 


Theorem ii. 



theorem nr. 



THEOREM IV. , 

j * 

—-* where n denotes the number 

rN * f ( 

which hath rn for its hyperbolic logarithm,, and 
rnx 0.43429448 for its logarithm in brigg-’s fyftem. 

example. ' 

Let the rate of intereft be 4 per cent, and the term 5 
years, and consequently/=;0,04. 1 

* > (r* 1 

Then, 
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Then, ^=4*4518 

h- 4^49 
£=4.5120 
^=4.5415 

EXAMPLE II* 

Let the rate of intereft be the fame, and the term for 
■which the annuity is payable 25 years* 

Then, ^=15.6220- 
£=15, 7118' 

15,7694. 

#2=15.801 

EXAMPLE III. 

Iiitereft beip^ the fame, let; the, term be 50 years. 

Then, ^=21.4822 
£=21.5491 
£=21.582. 

, *,;*> - 1 #2=21.616. i 


■ ' EXAMPLE IT* 

ftiterkft'beihg the fame, let the terai be 100 years. 

, » t> . * <V. ‘ ‘ ‘ ' '' 

( Then> y= 24.50,5. 

. , £=24,523.; 

\ /• 4=24.532 

-lUd . ■ 
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In the foregoing theorems it may he ohferved, that 
the ratio to one another, of the values of annuities paya¬ 
ble yearly, half-yearly, quarterly^ and momently, is 
greateft when n is leaft; that it deereafes continually 
as n increafes, till at laftit vanifhes, when n becomes in¬ 
finite or the annuity is a perpetuity. Agreeably to this 
it appears* in the examples! have given, that the values 
in the firft example differ more from one another in 
proportion than the values in the fecond example; and 
that thefe alfo differ more than the values in the third; 
and that in the laft example all the values are nearly the 
fame. 

Thefe values computed by Mr. de moivre’s rules in 
his Treatife on Life-annuities, p. 86. and 124,8cc, come 
out greater when n exceeds, and lefs when n falls ftiort 
of 15 or 20 years. But thofe rules fuppoffe the half- 
yearly and quarterly iaterefts of monay^toiber lefs than Half 
or a quarter of the yearly intereft. Etoir inftance; the va¬ 
lue of an annuity of 1 jt. payable half-yearly and quar¬ 
terly for 50 years is, according to ML de moivre’s rules, 
21,699 and 21,772, or a 99th part and 74th part more 
than the value of the* fame annuity payable yearly, fup- 
pofmg mosey improved at 4 per cent, when the annuity 
is paid yearly; and at 1,98 per cent, when it is paid 
half-yearly; and at 0,98 5 per cent, when it is paid quar¬ 
terly : That is; fuppofing money improved at a rate of 
half-yearly or quarterly intereft, which, inftefid of being 
a half or a quarter of the yearly intereft, is only that 

half- 
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half-yearly or quarterly payment which yin confequen.ee 
of being laid up and improved at compound intereft, 
will in a year amount to the fum that makes the yearly 
intereft. It is obvious that this cannot b'e the proper me¬ 
thod of computing thefe values. But nbttoiniift on this; 

I will next ftate the different values of the fecond fort of 
annuities; or of life-annuities, according as they are fup- 
pofed to be payable yearly, half-yearly, quarterly, or mo¬ 
mently. 

Let r as before be the intereft of if. for a year; nthe 
complement bf a given lifew; y, h, q, and m, the values 
refpb&iveiy of an annuity certain for n years pay abler, 
yearly, half-yearly, quarterly, or momently; p theperr 
petuity; t the prefent value of an annuity on a life whofe ‘ 
complement is»,payable yearly; h thevalue^f theffm^r 
annuity payable half-yearly ; and o^and m the*values ’nf 
the fame annuity payable quarterly and momently. 

I 

faj The complement of a life is, in Mr. de moiyre’s hypothecs, the nbm - 
ber-of years’it wants of 86 . In all other cafes, it is double theexpefiatioa of 
a life j that is, it is double the quotient (dimiaifhed by 4 unity) arifing from di¬ 
viding the futn of all the living in a table of obfervations from the age (indufive> 
of the given life to the extremity of life, by the number of the living at that $ge. 
Sec Effay I. in toy Treatife on Reveriionary Payments. J * 


-Will 


Vol. LXVI. 


Q 


Then, 



114 j Dr. price’s theorems 

Then, y=p-~ jxy . 


r 

l + — 

H—P —~~ X h* 
nr 

i + ~ 

C=P--^=<?- 


M=P- 


m 

»r 


EXAMPLE I. 

Let the life be fuppofed of the age of 3 6. The com¬ 
plement of fuch a life is 50, according to Mr. de moi- 
vre’s hypothelis; and alfo very nearly, according to the 
Breflaw and the Northampton tables of obfervations. 
Therefore, n will be 50. Let the rate of intereft be 4 
pr fenty or r = 0,04. p=25. .7=21,482. £= 21 , 549 - 
£=21,580. m=2i,6i6. See p.. m- 

Therefore, 1=25--^><21^.82=13,829. 

h=* 5~ 5 ^ 4 * 2i,s49= I 4>°Io 

j,OI ~ 

^ s2 S“s5xq5 xaI »5 8a=I 4> 101 

21,616 

=1 4 >i 9 * 

EXAMPLE IK 

Let thejfp be fuppofed of the age of 61. The com¬ 
plement of life is 25 by Mr, de moivre’s hypothe¬ 
cs 
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Us and the Northampton table of obfervations. There¬ 
fore, intcreft fnppofed at 4 per cent. 

15,622=8,753 

H=2 5 -j^xt5, 7 i2=8 T 973 

Q-= 2 S-I0k* j S’7 6 9=9,°72 

I<,8oi 

M—2 5 ^2^0,04. ~ 9> i 99 

The different values, given by thefe theorems, of life- 
annuities payable yearly, half-yearly, and quarterly, fup- 
pofe nothing to be due to an annuitant for that year, 
half-year, or quarter, in which he lhall happen to die. 
If, on the contrary, he is to be entitled to fuch part of the 
annuity as lhall be proportioned to the time which lhall 
happen to intervene between his death and the time 
when the payment immediately preceding his death be¬ 
came due; or in other words, if the annuity is an annuity 

fecured by land, ~- n muff be added to the firff theorem in 
order to obtain the value of fuch an annuity payable 
yearly. And in like manner, ^ muff be added to the 
fecond theorem to obtain the value of the fame annuity 
payable half-yearly: and ~ to the third theorem, to ob¬ 
tain its value payable quarterly. 

The value, therefore, in the firffc example, of an annuity 
payable yearly on a life aged 36 being 13,8 29; its value, 
if fecured by land, or to be enjoyed to the laft moment of 

Q a ' life, 
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life, will be 13^29+^^=14,043. If fecured by land 

21,549 

and payable half-yearly, its value will be 14,010+-^- 
=x 4,1 x 7. If fecured by land and payable quarterly, its va¬ 
lue will be 14,101+—^=14,155. The like values in 

thefecond example are 9,065, 9,13°? an( ^ 9 » I 5 I * 
Life-annuities payable monthly or weekly may be 
confidered as of the fame value with annuities payable 
momently; and it is evident, that they muft be enjoyed 
nearly to the laft moment of life. 

From thefe rules and examples it may be gathered, 
that the difference between the values of annuities on 
lives payable yearly, half-yearly, quarterly, and mo¬ 
mently, increafes continually with the ages; but, if not 
fecured by land, this difference can never be fo great as 
a quarter of a year’s purchafe in the cafe of annuities 
payable yearly and half-yearly; three-eighths of a year’s 
purchafe in the cafe of annuities payable yearly and 
quarterly; and half a year’s purchafe in the cafe of an¬ 
nuities payable yearly and momently. 

Mr. Simpson, in his Treatife on the Do< 5 brine of Life- 
annuities, p.7 8. and in his Select Exercifes, p. 283. hath 
given a quarter of a year’s purchafe as the addition al¬ 
ways to be made to the value of a life-annuity payable 
yearly, in order to obtain its value payable half-yearly; 
and three-eighths of a year’s purchafe, if its value paya¬ 
ble quarterly is required. But it appears, that thefe are 
too large additions; and, whatever be the rate of intereft, 
6 or 
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or the number of lives, a fifth of a year’s purchafe will 
be generally more than a fufficient addition, if the value 
of the annuity is defired payable half-yearly; and three- 
tenths of a year’s purchafe, if the value of the annuity is 
defired payable quarterly. Mr. de moivre’s rules, in p. 
85 of his Book on Life-annuities, for finding the values 
of life-annuities payable half-yearly and quarterly from 
their values payable yearly, are ftill lefs correct; for they 
fuppofe the difference between, thefe values the fame, 
whether the annuities are life-annuities, or annuities 
certain. 

Mr. dodson, in the firft queftion in the third volume 
of his Mathematical Repofitory, hath given arule for find¬ 
ing the value of an annuity fecuredby land and payable 
yearly, which coincides with that here given; and Mr. 
de moivre, in p. 338. of his Treatife on the Doctrine of 
Chances, hath given a theorem for this purpofe, which 
alfo brings out nearly the fame anfwers. But Mr. simp- 
son, in prob. I. p. 3 2 3. of his Select Exercifes, makes the 
excefs of the value of fuch an annuity above the value 
of an annuity payable yearly, but not fecured by land, dou¬ 
ble to the fame excefs derived from Mr. dodson’s and Mr. 
de moivre’s rules. .The truth is, that Mr. dodson’s rule 
gives the exad value; and that Mr. simpson’s problem 
gives the value, not of an annuity fecured by lapd and 
payable yearly, but of an annuity fecured by land and 
payable momently; and alfo, that his method of folution 
implies ? i;ate of intereft fomewhat lefs when the annuity 
is payable momently than when it is payable yearly.- 

But’ 
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.But to prevent all perplexity on this fubjedt, I will fub- 
join the following inveftigations, which will be eafily un- 
derftood by thofe who are acquainted with the common 
methods of calculating the values of life-annuities. 

Let r, as before, be the intereft of £. 1 for a year. 
Then the prefcnt value of i payable at the end of one 

I I I 

year, two years, three years, Sec. will be —» fTPl 3 * 

8 lc. refpedtively. And the prefent value of an annuity 
certain for n years payable yearly is the fum of this fe~ 

ries continued to n terms w, or =y. 

In like manner, the prefent value of half jC. i (that is of 
x o s.=£. o, 5) payable at the end of half ayear, a year, a year 
and a half, See. reckoning half-yearly intereft at half the 

annual intereft, is —> ==» Sec. And the pre- 

^ iql 

fent value of an annuity certain payable half-yearly for 
n years, each payment to be half the yearly payment, 
is the fum of this feries continued to in terms; or, 



(b) In the poftfeript it will be proved, that the fum of n terms of the feries 

JL . JL4.A.+JL, &c. is _J- l - - Substitute 1 + r for a. and it will 

a ~ « a a 3 a* a-—l a*Xa —l 

appear, that the fum of n term* of the leries — 1— 4. — L. 4. -, . L, , , &c. is 

j+r) i+ 7 ) 
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By the fame fteps it will appear, that the prefent value 
of an annuity certain for n years to be received in quar¬ 
terly payments, each a quarter of the annual payment, is 

- —q. And alfo, that the pre¬ 
fent value of an annuity certain for n years, to be re¬ 
ceived in momently payments, each the fame propor¬ 
tional part of the yearly payment that the moment is of 

the year, muft be p - * = —> IOOO ,& C .» • But, by the 

r x 1+-——- 

1000, &c! 


0,2s 


°> 2 S 


1 

-r 

4 


1 , r 

-rxi+ 1 
4 4 ' 


14 * 


rXI + 5 


binomial theorem, 


1 + 


r 

1000, &c« 


IOOO, &C. 7 t 


rV 

+rn +—+- 

2 2x3 


+ . r ” See. which feries approximates indefinitely to 

^ 2 X 3 X 4 , ‘ 

that number of which mis the hyperbolic logarithm, by 
prob. 1. fea.xi, vol.II. of Mr. simpson’s Fluxions; or by 
prop. 1 .p.40. of.his Treatife on Trigonometry. Therefore, 


rX 1 + 


iooo,&c 


3 


tooo, n 


p--^=M, as explained before#. 


See p. no. 

If the value*of an annuity of £. 1 for n years 
required payable half-yearly, and the half-yearly fil¬ 
tered: of^.i, inftead of being half the yearly intereft 

(or -)> is fuppofed to be T +? 1 - 1; the anfwer will be 

°>5 , °> 5 ‘, &c. continued to 2 n terms = 

T+?k + i+r*r+?r7+x’ 


£3 
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; which va¬ 


lue is to*i -===^x ~ (the value of the fame annuity pay¬ 
able yearly fuppofing the yearly intereft of £. i to be r ) 

as -^-7— to ~, agreeably to Mr. de moivre’s dedu&ion 
x+7 1 — i 1 

in his Treatife on Life-annuities, p. 125. fourth edit. 
This implying, in the cafe of annuities payable half- 
yearly, a fmaller intereft than half the yearly intereft (for 

i+Tl i islefs than -j gives the difference between their 

value and the value of annuities payable yearly, greater 
than the truth. 

But to return to the inveftigation of the theorems in 
the former part this paper. 

Let us again call p the perpetuity, andy the value of 
an annuity certain for n years and payable yearly; it is 
well known that the value of £. 1 payable yearly on a life 
whofe complement is n is (fuppofing an equal decrement 

. of life) ■ — Ll; + ~~~ ri , 8cc. continued to n 

»xi+r »xi+rJ nxi+n 

i+r 

• terms co =P — —xy-Y. 


In 


(c) See Mr* de mqivre’s Treatife on Life-annuities, p. 99. fourth edit. 
Or his'Do&rme of Chances, p. 31 j. third edition. Or Mr. Dodson’s Mathe¬ 
matical Repofitcrry, vol. II. p. 137. Or Mr. simpson on Annuities and Rever- 
fiens, p. 14. In confulting thefe writers, care fhenld be taken to remember, that 
they ufer to denote the principal and intereft of £, 1 for a year; whereas it hath 
Jr- been 
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I11 like manner, fuppofing money improved at an 
half-yearly intereft: equal to half the yearly intereft, 

or to -, the value of the fame annuity payable half- 

2 


been moft convenient for me in tliefe obfervations to make r ftand only for tbe 
intereft. In thefe writers, therefore, r fignifies the fame with x -fr in this pa¬ 
per; and r— I the fame with r. 

It is faid above, that the value of an annuity payable yearly, on a life whofc 

complement is », is _lZi_ + _2=i_ + —continued to »terms. 
»xi + r »xi+ri «Xi-fr* 

This cxprefiion is equal to — L— q. — == *r % + —f— 

«xi + r nxi-f-ri »Xi+H 


— X-h ~ But =="1 '~= y£T ——-li 

n i+r i-j-rl F +71 axi+r »xi+ 7 l »xi + r| 

&c. (=-^- +J—&c.) = 1 -(feep. x 18.) Alfo, 

v i+r i+rl f +71 r rxid-TV* 

by a theorem which will be demonftrated in the poftfcript, and putting 

a for any given quantity, I '+L + 3 -, &c. continued to n terms s 
4 a a a 

" w x 1 - _ 1 x g — * Therefore, if i-J-r is fubftituted for a y 


. — * >—■ ■ — * . •'v —-X- 

aTIJ) 1 « a fl—t «* P 

and y for - _, thefura (multiplied by Ijof « terms of the ferie* 

r rx x+rV* n/ 

1 . + - 3 — , &c. will come out xy— 1 x 

T —-— i% ” 3 7 *t *• r 


i+r’ 


r+? + r+a* r+a _ 

L±f xyd-y—Therefore, the feries L x =^+===v’ &C< c6n ‘ 
nr t n I+r *+« i+« 

* ^ * I I I 

tinued to storms and fubtrafted from the feries-— q.-e—-q. »=t> con * 

inrr i-fr‘ i+n 


tinned to »terms; that is, the value of the life will bey-iif xy+y- L 


1—iiT X y=p—htfxyny. 
r »r #r 


Vol. Lxvn, 


R 


yearly 
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yearly, is | x 
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n—i n —1 


"* ■ ”—- =Tj, See. continued to 


, r r 

»x I +— »XI+-| 

2 2 1 


» X I + ■ 


t n n 

in terms=:jx—===+■ 


r , r 

J?XI+- »xi + - 
2 2 


■+- 


»XI+~ 

2 . 


, Sec. continued to 


i n terms - { x • 


I 


r , » 

»XI+- «xx+- 

2 2j 


MXX+- 

2 


8 cc, continued 


to m terms. But the fum of the firft of thefe two feries, or 
of |-x—s=? + —==n, 8cc. (=|x + ==y> See.) is b, 

r m . r _ . M 


»XI+- #xi + „ 
2 2 


I+- I+- 
2 2' 


fee p. 118. And the fum of the fecond feries is the fame 

# I l 2 

with half the fum of the feries --x-+==-;+ 


2 n r r. 

i+-\ .+ 


&c. {in). But by the theorem mentioned in the laft 
note^the fum of n terms of the feries ” +~:+pr> &c. is 
==T~~~ri x ~~ 7 ~r» x ^T z ‘ Therefore, if i is fubfti- 

«—il <** «— 1 a a —il 7 2 


tuted fori?, 2 Wfor n r and h for;^ the fum of 


rx i + - 
2 


the fecond feries (that is, of ~ n x —- +-===-+^==n, 8cc. 


1 + » J + 


* ’ 2 . 



I + 


* * * r r 

^ < i+~ i + ~ 

(a n) will come out-— x b^-x—^i or x b + b~l . 


i + 


Therefore, 
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Therefore, the fecond feries fubtraCted from the firft, 


r r 

i + - 54 - 

leaves -- — -xh~ p-—- 

r nr nr 


x h~ h, agreeably to the fecond 


theorem in p. x 14. 

By reafoning in the fame way it may be eafily found, 


I + r 

that q=p- ~~*q\ andM=P-x m ~p - —, agree- 

^ nr nr nr w 

ably to the third and fourth theorems in p. 114. 

Thefe theorems, I have faid, fuppofe that an annui¬ 
tant is entitled to no payment for that year, half-year, or 
quarter, in which he dies. If, on the contrary, he is to 
be intitled, when he dies, to fuch a part of the yearly, 
half-yearly, or quarterly payment as fhall bear the fame 
proportion to the faid payments refpeCtively, as the in¬ 
termediate time between the laft payment and his death 
bears to the whole year, half-year, of quarter; in this 
cafe, fuppofing the annuity payable yearly, it is evi¬ 
dent, fince there is the fame chance for his dying in one 
half of any year as in the other, that he will have an 
expectation of half a year’s payment more than he would 
be otherwife intitled to. But the value of half f. 1 to 
be paid at the death of a perfon whofe complement of 

life is is |x —==+ 4 * "vT +v* * ^ c * cor ^“ 

nued to n terms cty-jfe 


IOOO,&C. 


(et) P.118. 


In 
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In like manner, a perfon who enjoys an annuity fe- 
cured by land, payable half-yearly, will have an ex- 
pe&ation of a quarter of a year’s payment more than 
he could be otherwife intitled to; the value of which is 



See. continued to a n terms * 


By the fame reafoning it will appear, that is the addi¬ 
tion to be made to the value of an annuity payable quar¬ 
terly, in order to obtain its value when fecured by land. 


POSTSCRIPT. 


IJST the note p. 121. the exprefiion - 


1 


jlll 

is given as the fum of n terms of the feries - +^+-3+-^’ 

* » 

See. to and the expreffion x x * is 

given as.the-fum of «terras of the feries-^+^+^+^J>Sec. 

The following inveftigation of thefe theorems being 
very- eafy, will not, perhaps, be unacceptable to thofe 
who have ffcudied this fubjedt. 


Put A=j + ? + ? + ?’ B =: + J + 3 + *’ &c - 7 ’’ 


Then ax#=j+-+^+^> See. to 


a n — 1 
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and Ax«-A(=Axfl-i)=i-*-* 

Therefore, a=j—- ^ x ~r x ? which is the firft theorem. 

Again*, ax 0=1 + 7 + 7 + 7 J &c. to 
and Bx«=i+^+Jr+J> &c.to~r x * 

Therefore, bx<2-ax«=^+^-+—’ See. to 
To both Tides of the laft equation add and it will ap¬ 


pear, that 


Bx^-Ax^^+•J:=^ + ■J + f3 + 7 +, & c « to —+--b. 

AXfl « 


- - AXtf 

Therefore, bx«—b~b i~ aX tf—andB^.— 


#»+ 


For a, in this laft equation, fubftitute its equal, or 
_i-— x > and the refulting equation will be 

a —1 a n a ,—i 

——-X ===rj=B» which is the fecond theorem. 
Wiieq n is infinite, all but the firft terms in both 
thefe theorems vanifh; and therefore, ^ is the fum of 


the feries * + -* > See. continued infinitely 5 ^nd is 


thefom of the ferks; $ff> continue*! infinitely. 


By 
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By a like deduction, putting 

1 , 2X2 .3*3,4*4 ,'i!, 

c= - + —.+ — + — > See. to 
andD= ! + ^ + ^+^P>8cc.to^. it may be 

a a a u ** 

„ , , A + 2B+X ?T+? S . 1 - A + 3B+3C + I »“+l]* 

found that c = -77; /,. + Ti7» J andD ~ *-i 7+CT» 

Andconfequently, fubftituting the values of a and b, that 
a 1 + a »* 1 2 as 1 1 

c =^“ x ^“ x 77 r” «• 

And, fubftituting the values of a, b, c, that 

x 3 tj»* i_3f!2Alf? - 1 _ <g ’ +4g* 4- a 


_ar 3 + 4« 4 +tf 
D_ “ “ x 


— x-- ~ ^ -11 

#—x a*—i\ 




X JL=? Or, fmee all but the firft terms in thefe expref- 
jSons vaniih when n is infinite, that the fum of the feries 
-+-+■£> Sec. continued infinitely is ===p; and that the 

fum of the feries ~+ 4 +^ +% 8tc. continued infinitely is 

u u (i a “ 

cf+A.cf+a 

Thefe are all the theorems neceffary for calculating 
the values of annuities on fingle lives, and on any two or 
three joint lives, upon the hypothefis of an equal decre¬ 
ment of life. 

Suppofing r the intereft of £. 1 for a year, the fum of 
n terms of the feries ===p> See. is the pre- 

fent value of an annuity certain for n years; and 
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(continued to n terms) is the pre 


fent value of an annuity certain beginning with £. i, 
and increafmg to £, 2 the fecond year, to £. 3 the third 
year, 8tc. 

If this laft annuity is not an annuity certain for a 
given term, but a life-annuity, the value of it (fuppofing 
n the complement of life, a the value of an annuity 
certain for n years, g the value of two equal joint lives 
whofe common complement is», p the perpetuity, and 
p the value of f. 1 to be received at the end of n years) 

will be a-gx»+«x/)xp-axpxx +r. 


EXAMPLES* 

Lef the term be forty-one years, and the rate of interejl 

4 per cent. 

The value of an annuity of £. 1 certain for this term 
i$£. 20. 

The value of an annuity certain for the fame term, 
and beginning with £. 1 at the end of the firft year, 
but increafmg to f. 2 at the end of the fecond year, to 
£. 3 at the end of the third year, and fo on till it be¬ 
comes jf. 41 at the end of the forty-firil year, is (by 
the fecond theorem, putting i+r, or 1,04 for a) 
£. 214 ioj*. 

The value of an annuity increafing at this rate with¬ 
out end is £. 650. 


If 
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If the annuity is a life-annuity which is to increafe at 
the rate of i every year during the whole poflible 
continuance of a life whofe complement is forty-one years 
(or whofe age is about forty-five) the prefent value of it 
will be, by the laft theorem, £. 133 14J*.; taking the 
probability of the duration of human life according to 
Mr. de moivre’s hypothefis; which agrees hearty with 
Dr. halley’s Table of Obfervations. 


VII. An 
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VII. An Account of the Romanfh Language . By Jofeph 
Planta, F.R.S. In a Letter to Sir John Pringle, 
Bart. P . R. S. 


t Britrfh Mufeum, 

® June 10, x 77 5* 

R. Nov. io, rp HE bible lately prefented to the Royal 
1/<5 ‘ A Society by the Count de salis, being a 
verfion into a language as little attended to in this coun¬ 
try, as it may appear curious to thofe who take pleafure 
in philological inquiries; I embrace this opportunity to 
communicate to you, and, with your approbation, to the 
Society, all that I have been able to collect concerning its 
hiftory and prefent Rate. 

This language is called Romanjh , and is now fpoken 
in the moffc mountainous parts of the country of the 
Grifons, near the fources of the Rhine and theEn. It con- 
lifts of two main dialects; which, though partaking both 
of the above general name, differ however fo widely as 
to conftitute in a manner two diftintSt languages. Rooks 
are printed in both of them; and each, though it be uni- 
verfaily underftood in its refpedtive diftri<ft,is yet fub-di- 
vided into almoft as many fecondary diale&s as there are 
villages in which it is fpoken; which differ, however,but 
little except in the pronunciation. One of the main diale< 5 ts, 
which is fpoken in the Engage, a valley extending from 
Vol. LXVI. S the 
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the fource of the En to the frontiers of the Tyrolefe, is 
by the inhabitants called Ladin. It admits of fome va¬ 
riation, even in the books, according as they are printed 
either in the tipper or the lower part of this province. 
The abovementioned bible is in the dialed of the lower 
Engadine; which, however, is perfectly underftood in 
the upper part of that province, where they ufe no other 
verfion. The other dialed, which is the language of the 
Grey, or Upper League, is diftinguiftied from the former 
by the name of Cialover: and I muft here obferve, that 
in the very center, and moft inacceflible parts of this lat¬ 
ter diftrid, there are fonie villages fituated in narrow 
vallies, called Rheinwald, Cepina(•), See. in which a third 
language is fpoken, more fimilar to the German than to 
either of the above idioms, although they be neither 
contiguous, nor have any great intercourfe with the parts 
where the German is ufed. 

It being impoffible to form any idea of the origin and 
progrefs of a language, without attending to the revolu¬ 
tions that may have contributed to its formation and fub- 
fequent variations; and this being particularly the cafe 
in the prelent inftance, wherein no feries of documents 
is extant to guide us in our refearches; I fhall briefly re¬ 
capitulate the principal events which may have affeded 
the language of the Grifons, as I And them related by*' 
authors of approved veracity f*;.. 

AMBI- 

(a) tschudi Rhaet. Deferip. p. 43s merian Topogr. Helvet. p. 64, 

(b) SPRECHER, JIMLERj TSCHUBI, SCHEUfcHZER. ’CAMPELl’s Chronicle 

is looked -upon as the moft authentic ana circumftantiali but there being only 

a few 
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AMBIGATUS, the firft king of the Celtic Gaul upon re¬ 
cord, who (O about 400 w years before pHR is t, governed 
all the country lituated between the Alps and the Pyre- 
nzean mountains, fent out two formidable armies under 
the command of two of his nephews; one of whom, 
named segovisius, forced his way into the heart of Ger¬ 
many: and the other, bellovisius, having palled the 
Alps, penetrated into Italy as far as the fettlements of the 
Tufcans, which at that time extended over the greateft 
part of the country now called Lombardy. Thefe, and 
feveral other fwarms of invaders whom the fuccefies of 
the former fbon after attracted, having totally fubdued 
that country, built Milan, Verona, Brefcia, and feveral 
other conliderable towns, and governed with fuch tyran¬ 
nic fway, efpecially over the nobility, whofe riches they 
coveted and fought by every means to extort from them, 
that moft of the principal families, joining under the con¬ 
duct of RHiETUsw, one of the moft diftinguilhed perfo- 
nages among them, retired with the beft part of their 
Cffecfts and attendants among the fteepeft mountains of 
the Alps, near the fources of the Rhine, into the diftrift 
which is now called the Grey League, 

a few manufcript copies of it extant in the hands of private perfons in the Gri- 
fons, I have not been able to avail wyfelf of his refearches. gules and 
stumpfius might alfo have furnished fo me material information; but neither 
of them have I had an opportunity of infpe&ing. 

(c) ixv. lib. v. c. 34. 

(d) Other authors place the reign of this king 180 years earlier. 

(e) this. Eb. EL c. $. justin. lib. xx. c. 5. 

S a 


The 
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The motive of their flight, their civil deportment, and 
perhaps more fo, the wealth they brought with them, pro¬ 
cured them a favourable reception from the original inha¬ 
bitants of that inhofpitable region, who are mentioned by 
authors (f) as being a Celtic nation, fabuloufly conjectured 
from their name (A emomob reli&i) to have been left 
there by Hercules in his expedition into Spain. 

The new adventurers had no fooner climbed over the 
higheft precipices, but thinking themfelves fecure from 
the purfuits of their rapacious enemies, they fixed in a 
valley which, from its great fertility in comparifon of the 
country they had juft palled, they called JDomeftica (s). 
They intermixed with the old inhabitants, and built fome 
towns and many caftles, whofe prefent names manifeftly 
befpeak their origin w. They foon after fpread all over 
the country, which took the name of Rhaetia from that 
of their leader; and introduced a form of government 
fimilar to their own, of which there are evident traces at 
this day, efpecially in the adminiftration of juftice; in 
which a Laertes , or Prefident, now called Landamman, 
or Miniftral, together with twelve Lucumoneso) t or Ju¬ 
rors determine, all caufes, both civil and criminal r^: and 

(f) cLuver, Ital. Antiq. lib. i. c. 14. 

(g) Probably by them pronounced Tomiliafia 4 the name it now beats. 

(h) Tujh (Tufcia) and in Italian ‘Tofana, the principal place; Rhealta (Rhetia 
aTta) j Rhombs (Rhetia ampla); Rhazunz (Rhetia ima), and above twelve other 
caftles, the remains of which are new to be feen in the valley Tomiljafca* 

(0 In fome communities there are fourteen jurors bcfides the Landamman. 

(ij serv. in JEneidj lib. viiL 65. lib. x. 202. speech. Pali, Rhset. p. 9. 
siMt. Rep. Helv. p. 281. ed. 1735. 


JJVf 
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LIVY although, he erroneoufly pretends that they re¬ 
tained none of their ancient cuftoms, yet allows that they 
continued the ufe of their language, though fomewhat 
adulterated by a mixture with that of the Aborigines. 

I muft here interrupt the thread of this narration by 
obferving, that the only way to account for the prefent 
ufe of a different language in the center and moft craggy 
parts of the Grey League, is by allowing that the Tus¬ 
cans, who, from the delicacy of their conftitutions and 
habits, were little able, and lefs inclined, to encounter 
the har dihi ps of fo fevere a climate and fo barren a foil, 
never attempted to mix with the original and more fiurdy 
inhabitants of that unfavoured fpot; but left them and 
their language, which could only be a Celtic idiom, in 
the primitive Hate in which they found them<w. 

But to proceed;—feveral Roman families, dreading 
the fury of the Carthaginians under hannibal; and 
perhaps, lince during the rage of the civil wars, and the 
fubfequent oppreflive reigns, interior commotions and 
foreign invafions, forfook the Latium and Campania, 
and reforted for a peaceful enjoyment of their liberty, 
fome into the iflands where Venice now ftands; and 
many into the mountains of the Grifons, where they 
chiefly fixed their refidence in the EngadinefJ, as ap¬ 
pears not only from the teflimonies of authors but alfo 

(l) LIV. lib. V. c. 33. 

(nt) SPEECH. p. 214 * MER. 1 . c« . 

(») En Code Ino , perhaps the vulgar Roman phrafe expreffing In Cavite Oxer* 
There are other etymologies, but all equally uncertain. 

WRE.CH. P* JO* 
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from the names of feveral places and families “which are 
evidently of Roman derivation w. 

The inhabitants thefc emigrants found in that place 
.of refuge could not but be a mixture of the Tufcans and 
original Lepontii: and the two languages which met 
upon this occafion muft, at the very firft, have had fome 
affinity; as the Tufcan, which derived immediately from 
the Greek, is known to have had a great fliare in the for¬ 
mation of the Roman. Rut as it is generally obferved, 
that the more polilhed people introduce their native 
.tongue wherever they go to refide in any confiderable 
numbers, the arrival of thefe fucceffive colonies muft gra¬ 
dually have produced a confiderable change in the lan¬ 
guage of the country in which they fettled (t); and this 
change gave rife to the dialed fince called Ladin, proba¬ 
bly from the name of the mother country of its princi¬ 
pal authors w. 

Although the name of Roman/h, which the whole 
language bears, feem to be a badge of Roman fervitude, 
yet the conquefl: of that nation, if ever effeded, could 
not have produced a great alteration in a language which 
mud already have been fo fimilar to their own; and its 
general name may as well be attributed to the pacific as 

(p) Lavln (Lavinium), Sus (Sufa), Zernetz (Ccrneto), Ardttz (Ardea), &c. 

s - (q) SPK.ECH. p. ID. 

(r) A parallel inftance of the formation of a language by Roman colonies 
is the idiom of Moldavia; which, according to Prince cantewibl’s account of 
$}iat country, has ftill many tSraces of its Latin origin, and which, though en¬ 
grafted upon the Dacian,, and fince upon the Sclavonian diale&s of the Celtic, 
way ftill be confidered as a lifter language to that I am here treating of, 
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to tlie hoftile Romans. Rut when we confider that a co¬ 
alition of the two main dialers, which differ fo far as 
not to be reciprocally nnderftood, muft have been the in¬ 
evitable confequence of a total reduction ; and that fuch 
a coalition is known never to have taken place, we may 
lay the greater ftrefs -upon the many paifages of ancient 
authors (0, in which it is implied that the boafted victories 
of the Romans over the Rhaeti, for which public honours 
had been decreed to l. munatus, m. anthony, drusus, 
and Augustus, amounted to no more than frequent re- 
pulfes of thofe hardy people into their mountains; out 
of which their want of fufficient room and fuftenance, 
(which in our days drives confiderable numbers of them 
into the fervices of foreign powers) compelled them at 
times to make defperate excurfions in quell of neceffa- 
ries. And we may alfo from thefe collected authorities, 
be induced to give the greater credit to the commentator 
of lucan (0 y and to the modern hiftorians 00, who poll- 
tively affert, that the people living near the fources of 
the Rhine and the En were never totally fubdued by the? 

(s) Videre Misti bella fub Alpibus 

Druluni gcreotem et Vindelici, hor. lib. 4 - Od. iv, 

. . .. immanefque I&iffitos 

Aufpiciis repulit fecundis. Ibid. Od. xiv. 

- Fundat ab extreme fiavos aquilone Siicvos 

Albis, et indmttum Rhetii Caput . tuc, lib. ii. 

. — Rhenumque minacem 

Cor nib us infraSiis. clauD. Laud. Stibch. lib. 5.-220, 

(t) horten. in LUCAN, p, 163. edit. 1578. fob. 

(u) SPRECH, E. l8, &c.. 
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Roman arms; but only repelled in their attempts to 
harrafs their neighbours. 

This whole country, however, from its central fitua- 
tion, could not but be annumerated to one of the pro¬ 
vinces of the empire; and accordingly we find that 
Rhaetia itfelf (which by the accounts of ancient geogra¬ 
phers (*> appears to have extended its limits beyond the 
lake of Gonftance, Augfburg, and Trent, towards Ger¬ 
many, and to Como and Verona towards Italy) was 
formed into a Roman province, governed by a pro-conful 
or procurator, who refided at Augfburg; and that when 
in the year 119, the Emperor Adrian divided it into 
Rhastia prima and fecunda, the governor of the for¬ 
mer, in which the country I am now fpeaking of muft 
have been comprized, took up his refidence in two 
caftles fituated where Coire now Rands, whilft the other 
continued his feat at Augfburg. But notwithftanding 
thgije ^ppjBfiiiqjfiqes,,no trace or monument of Roman fer- 
vitude is to be met with in this diftridt, except the ambi¬ 
guous name of one mountain fituated on the fkirts of 
thefe highlands, and generally thought to have been the 
non plus ultra of the Roman arms on the Italian fide. 

From the difficulty thofe perfevering veterans expe¬ 
rienced in keeping this ftubborn people in awe, I mean 
to infer that fuch ftrenuous afiertors of their indepen¬ 
dence, whom the flattering pens of oviD,and Horace 
reprefent as formidable even to Augustus, and prefer- 

(») strabo, lib. IV. fob fin. cluver, Xtal. vet, lib. I. c. 16. 

iy) Julius Mans, schbucbzSR Iter. Alp. p. 114. , 1 

j * ring 
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ring death, to the lo(s of their liberties favoured by 
the natural ftrength and indigence of their country, were 
not very likely to be fo far fubducd by any foreig ) • ower 
inferior to the Roman, as to fulfer any eonfiderauic revo¬ 
lution in their cuftoms and language: for as to the irrup¬ 
tions of the Goths, "V"andals, and Lombards, in the fifth 
and fixth centuries, belides a profound filence in hiftory 
concerning any fuccefsful attempt of thofe barbarians 
upon this fpot, it is fcarce credible, that any of them 
fhould have either wifhed or endeavoured to fettle in a 
country, perhaps far lefs hofpitable than that they had 
juft forfaken, efpecially after they had opened to them- 
felves a way into the fertile plains of Lombardy. 

Some ftrefs muft be laid upon this inference, as the 
hiftory of what befel this country after the decline of the 
Roman empire is fo intimately blended with that of Sua- 
bia, the Tyrolefe, and the lower parts of the Grifons, 
which are known to have fallen to the fhare of the rifing 
power of the Franks, that nothing pofttive can be drawn 
from authors as to the interior ftate of this ftnall tradt. 
The victory gained in the year 496 near Gologn, by 
clovis 1. king of the Franks, over the Almains, who 
had wrefted from the Romans all their dominions on 
the Northern fide of the Alps; and the defeat of both Ro¬ 
mans and Goths in Italy, in the year 549, by thetreacher- 
ous arms of theodebert king of Auftrafia, whofe do- 

(%) Rhastica nunc praebent Thraciaque arnia metum. 

oviD. T rift, lib, ii. 226. 

Devote morti pe&ora liber®. hor. 4 lib. Od. xiv. * 

Vol. LXV 1 . T . minions 
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minions foon after devolved to the crown of France, ne- 
ceflarily gave the afpiring Merovingian race a great 
afcendency over all the countries furrounding the Gri- 
fo'ns; and accordingly we find, that this diftrift alfo was 
foon after, without any military effort, confidered as part 
of the dominions of the reviving Weftern empire. But 
it does not appeal' that thofe monarchs ever made any 
other ufe of their fupremacy in thefe parts than, agreea¬ 
ble to the feudal fyftem which they introduced, to con- 
ftitute dukes, earls, prefidents and bailiffs, over Rhsetia; 
to grant out tenures upon the ufual feudal terms; and 
confequently to levy forces in molt of their military ex¬ 
peditions. 

It muft, however, he obferved, that thefe feudal fub- 
ftitutes were feldom, if ever, ftrangers: thofe who are 
upon record to the latter end of the eighth century hav¬ 
ing all been chofen from among the nobility of the 
cefwnfcryr^., And that no foreign garrifons were ever 
maintained for any continuance of time in thefe parts, 
appears from a circumftance related by their anna- 
JiftsW; who fay, that .an inroad of the Huns in 670, 
when external forces would probably have been very 
•acceptable to the natives, was repulfed merely by a con- 
courfe of the inhabitants. 

Hiftory continues to furnifh us with proofs of the little 

■ connexion this people had with other nations in their 
domestic affairs, notwithftanding their dependance upon 
a foreign power. In the year 780, the Bifhop of Coire, 
who by the conftitution of that fee can only be a na- 

■ (a) SPRECH. p. 52—55. • (b) Ibid, p. 58, 
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tive W, obtained from charlemain, betides many confi- 
derable honours and privileges in the empire, a grant of 
the fupreme authority in this country, by the inveftiture 
of the office of hereditary prefident or bailiff over all Rhx- 
tia. His fucceffors not only enjoyed this prerogative to the 
extinction of the Carlovingian race of emperors in 911, 
but received accumulated favours from other fucceeding 
monarchs, as the bigoted devotion of thofe times or mo¬ 
tives of intereft prompted them. And fo far did their 
munificence gradually extend, that the foie property of 
one of the three leagues (* was at one time vetted in the 
hands of the bifhop. 

This prelate and the nobles, the greateft part of whom 
became his retainers, availed themfelves, like all the Ger¬ 
man princes, of the confufion, divifions, and interreigns 
which frequently diftraCted the empire in the fucCeeding 
centuries, in order to eftablifh a firm and unlimited au¬ 
thority of their own. Henceforth the annals of this 
country furnifh us with little more than catalogues of 
the bifhops and dukes, who were ftill, at times, nomi¬ 
nated by the emperors; and of the domains granted out 
by them to different indigenate families; with accounts 
of the atrocious cruelties exercifed by thefe lords over 
their vaffals; and with anecdotes of the prowefs of the 

H 

f 

( c ) This privilege hath at times been waved; but never without feme plau- 
fxble pietence, and a formal refciipt, acknowledging the exclufive light. 

(d) The League Cadea, or of the Houfe of God, fo called fvom the cathedral 
of the bifhopric of Coire, which isfituated in its capital. 
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natives in feveral expeditions into Italy and Paleftine, in 
which they ftill voluntarily accompanied the emperors. 

The repeated ads of tyranny excrciicd by thofe arbi¬ 
trary defpotSj who had new jfhaken oft all manner of re- 
ftraint, at length exafperated the people into a general 
revolt, and brought on the confederacy; in which the 
bifliop and moft of the nobles were glad to join, in order 
to fereen themfelves from the fury of the infurgents. 

The firft ftep towards this happy revolution was made 
by fome venerable old men drejfed in the cocirfe grey cloth 
of the country, who in the year 1424 met privately in a 
wood near a place called Trans, in the Upper League; 
where, imprejfed with a fenfe of their former liber- 
ties (Of they determined to remonftratc againft, and op- 
pofe, the violent proceedings of their oppreftors. The 
abbot of Diftentis was the firft who countenanced their 
meafures; their joint influence gradually prevailed over 
feveral of the moft moderate among the nobles; and 
hence arofe the League which, from the colour of its 
firft promoters, was ever after called the Grey League; 
which, from its being the firft in the bold attempt tolhakc 
off the yoke of wanton tyranny, hath ever fince retained 
the pre-eminence in rank before the two other leagues; 
and which hath even given its name to the whole country, 
whofe inhabitants, from the tircumftances of their de¬ 
liverance? pride themfelves in the appellation of Grifons y 

(e) Canitie grifeo^ue anuftu venerandi,—Mcmprcs adtac antiquse libertatis. 
«pRECM. p. 189. 

or 
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or the grey-ones(f). From this period nothing hath ever 
affected their freedom andabfolute independence; which 
they now enjoy in the moft unlimited fenfe, in fpite of 
the repeated efforts of the houfe of Auftria to recover 
fome degree of aicendency over them. 

From this concife view of the hiftory of the Grifons, 
in which I have carefully guarded againft favouring any 
particular hypothecs, it appears, that as no foreign na¬ 
tion ever gained any permanent footing in the moft 
mountainous parts of this country fince the eftablifh- 
ment of the Tufcans and Romans, the language now 
fpoken could never have fuffered any conliderable alte¬ 
ration from extraneous mixtures of modern languages. 
And to thofe who may objedt, that languages like all 
other human inftitutions will, though left to themfelves, 
be inevitably affedted by the common revolutions of 
time, I fhall obferve, that a language, in which no books 
are written, but which is only fpoken by a people chiefly 
devoted to arms and agriculture, and confequently not 
cultivated by the criticifms of men of tafte and learning, 
is by no means expofed to the viciflitudes of thofe that 
are polifhed by refined nations^; and that, however pa¬ 
radoxical it may appear, it is neverthelefs true, that the de¬ 
generacy of a language is more frequently to be attributed 
to an extravagant refinement than to the negledt of an 

(f) The following barbarous diftich is fometimes infciibedto the arms of 
the three Leagues, 

Foedera funt cana, cana fides, cana libertas: 

Haec tria fub uno continents corpore Rhaeto. 

(g) See Dr. Percy’s Preface to his Traaflation of mallet’s Northern 
Antiquities, p. xxii. where this queftion is more amply difeufled. 
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illiterate people, unlefs indeed external caufes interfere. 
May we not hence conclude, that as the Romanlli has 
never been ufed in any regular compofition in writing 
till the fixteenth century, nor affe&ed by any foreign in- 
vafion or intimate connexion, it is not likely to have re¬ 
ceived any material change before the period of its being 
written? And we have the authority of the books fmee 
printed to prove, that it is at prefent the identical lan¬ 
guage that was fpoken two hundred years ago. Thefe 
arguments will receive additional weight from the proofs 
I {hall hereafter give of the great affinity there is between 
the language as it is now fpoken, and the Romance that 
was ufed in France nine centuries ago. 

When we further confider the fads I have above briefly 
related, the wonder will ceafe, that in a duller of moun¬ 
tains, fituated in the center of Europe, a diftind language 
(not aidialedtor jargon of thofe fpoken by the contiguous 
nations, as hath been generally imagined) fhould have 
maintained itfelf through a feries of ages, in fpite of the 
many revolutions which frequently changed the whole 
face Of >the adjacent countries. And indeed, fo obftinately 
tenacious are thefe people of their independency, laws, 
cuftoms, and confequently of their very language, that, 
as hath been already obferved, their form of government, 
especially in judicial matters, ftill bears evident marks of 
the,ancient Tufcan conftitution; and that, although they 
be frequently expofed to inconveniences from their flub- 
bornnefs in this refped, they have not yet been prevailed 
upon to adopt the Gregorian reformation of the calendar. 

As 
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As to the nature of this language, it may now be ad¬ 
vanced, with fome degree of confidence, that the Cia- 
lover owes its origin to a mixture of the Tufcan and of 
the dialed of the Celtic fpoken by the Lepontii; and 
that the introduction of the vulgar Roman affeded it in 
fome degree, but particularly gave rife to the Lading the 
vocabulary of which, as any one may be convinced 
by infpeding a few lines of the bible, hath a great 
affinity with that of the Latin tongue. But thefe affer- 
tions reft merely upon hiftorical evidence; for as to the 
Cialover , all that it may have retained of the Tufcan or 
Roman, is fo much disfigured by an uncouth pronuncia¬ 
tion and a vague orthography, that all etymological en¬ 
quiries are thereby rendered intricate and unfatisfadory. 
And as to the Ladin r although its derivation be more 
manifeft, yet we are equally at a lofs from what period 
or branch of the Latin tongue to trace its real origin; for 
I have found, after many tedious experiments, that even 
the vocabulary, in which the refemblance is moft evi¬ 
dent, differs equally from the claffical purity of tully, 
cjis Mt, and sallust, as it does from the primitive Latin 
of the twelve tables, of ennius, and the columna rojlra- 
lis of duillius, which hath generally been thought the 
parent of the Gallic Romance; as alfo from the fiivial 
language of varro, vigetius, and columella. May 
we not from this circumftance infer, that, as is the cafe 
in all vernacular tongues, the vulgar dialed of the Ro¬ 
mans, the fermo. u/ualis^ rufHcus , pedejlris , w of which 

(b) Conf. Mem. des Infcrip, tom. xxiv. p, 60S. 
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there are no monuments extant, differed very widely both 
in pronunciation and conftru&ion from that which hath 
at any time been ufed either in writing or in the fenate? 

The grammatical variations, the fyntax, and the ge* 
nius of the language, muft in this, as well as in feveral 
other modemEuropean tongues, have been derived from 
the Celtic; it being well known, that the frequent ufe of 
articles, the diftin&ion of cafes by prepofitions, the ap¬ 
plication of two auxiliaries in the conjugations, do by no 
means agree with the Latin turn of expreffion; although 
a late French academician <v, who hath taken great pains 
to prove that the Gallic Romance was folely derived from 
the Roman, quotes feveral inftances in which even the 
moft claffical writers have in this refpect offended the 
purity of that refined language. It cannot here be 
denied, that as new ideas always require new figns to 
exprefs them, fame foreign words, and perhaps phrafes, 
neceffarily, from time to time, have infmuated 
themfelves into the Romanfh by the military and fome 
commercial intercourfe of the Grifons with other na¬ 
tions; and this accounts for feveral modern German 
words which are now incorporated into the language of 
the Engadine w. 

The little connexion there is in mountainous coun¬ 
ties between the inhabitants of the different vallies, and 
the abfohxte independence of each jurifdidlion in this 

(,) bob fr, Y-MfctD, 6 ss Infcrip. 1. c. 

(i) fapferda, Tapferkeit, Bravery; Narda, Narheit, Folly; Elinot, Klei- 
jkxL a Jewel; Graf, Graf, a Cauatj, Buttr, Baur, a Petfant, &c. 
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diftrid, which ftill leflens the frequency of their inter- 
courfe, alfo accounts, in a great meafure, for the variety 
of fecondary dialeds fubfifting in almoft every different 
community or even village. 

The oldeft fpecimens of writing in this language are 
fome dramatical performances in verfe upon fciiptural 
fubjeds, which are extant only in manufcript. The hif- 
tories of sUsanna, of the Prodigal Son, of judith and 
holofernes, and of Esther, are among the firft; and 
are faid to have been compofed about the year 1560. 
The books that have fince been printed are chiefly upon 
religious fubjeds; and among thofe that are not fo, the 
only I have ever heard of are a fmall code of the laws of 
the country in the Cialover dialed, and an epitome of 
sprecher’s Chronicle, by da porta, in the Ladin. 

The language fpoken in Gaul from the fifth to the 
twelfth centuries being evidently a mixture of the fame 
Roman and Celtic ingredients, and partaking of the fam& 
name with thofe of the Grifons; it will, I hope, not be 
thought foreign to the fubjed of this letter, if I enter 
into a few particulars concerning it, as it feems to have 
been an,efl?ntial part, or rather the trunk, of the lan¬ 
guage, the hiflsory of which I am endeavouring to elu¬ 
cidate. 

One of the many mflapces how little the laboured re- 
fearches of philologifts into the origin of languages are 
to be depended upon, is the variety of opinions enter¬ 
tained by French authors concerning the formation of 
Vo 1,. LXVI. U 
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the Gallic Romance. A learned BenediCtine 0 ) firft ftarts 
the conjecture, and then maintains it againft the attacks of 
an anonymous writer, that the vulgar Latin became 
the univerfal language of Gaul immediately alter cal- 
sar’s conqueft, and that its corruption, with very little 
mixture of the original language of the country, gra¬ 
dually produced the Romance towards the eighth cen¬ 
tury. bonamy on the other hand, is of opinion, that 
foon after that conqueft, a corruption of vulgar Latin by 
the Celtic formed the Romance, which he takes to be 
the language always meant by authors when they fpeak 
of the Lingua Romana ufed in Gaul. The author of the 
Celtic Dictionary (*) tells us, that the Romance is derived 
from the Latin , the Celtic, which he more frequently 
calls Gallic, and the Teutonic', in admitting of which 
latter he deviates from moft other authors w, who deny 
that the Teutonic had any lhare in the compolition of 
the Romance, fince the Franks found it already efta- 
bliflied when they entered Gaul, and were long before 
they could prevail upon their new fubje&s to adopt any 
part of their own mother tongue, which however ap¬ 
pears to have 'been afterwards inftrumental in the for¬ 
mation of the modern French, duclosoj, guided, I 
imagine, by du cange c?) } whofe opinion appears to he 

(l) rivet, Hift. Litt. de la France, tom. vii. p. r. et feq, 

(wgMenl deslnfcrip. tom. xxiv. p. 594. 

(n) bullet, Mem. de la Langue Celtique, tom. i. p. 23, 

(0) Mem. de& Infcrip. tom. xxiv. p. 603. 

(p) Ibid. tom. xv. p/575. et feq. 

(fj Praef. GlofC n. xiii, 

a 
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tile moft fober and beft authenticated, maintains.that the 
vulgar Latin was undoubtedly the foundation of the Ro¬ 
mance; but that much of the Celtic gradually infinuated 
itfelf in fpite of the policy of the Romans, who never 
failed to ufe all their endeavours in order to eftablilh 
their language wherever they fpread their arms. 

Among this variety of conjectures and acute contro- 
verfies, I find it however agreed on all hands, that the 
vocabulary of the Roman, and the idiom of the Celtic 
have chiefly contributed to the formation of the Gallic 
Romance, which is fuflicient to prove that it partakes of 
a common origin with that of the Grifons. 

There are inconteftable proofs that this language was 
once univerfal all over France; and that this, and not 
immediately the Latin, hath been the parent of the Pro- 
venqal, and afterwards of the modern French, the Ita¬ 
lian, and the Spanilh. The oath taken by lewis the 
Germanic, in the year 842, in confirmation of an alli¬ 
ance between him and Charles the Bald, his brother, is 
a decifive proof of the general ufe of the Romance by 
the whole French nation at that time, and of their little 
knowledge of the Teutonic, which being the native 
tongue of lewis, would certainly have been ufed by him 
in this oath, had it been underftood by the French to 
whom he addrefled himfelf. But nithardusm, a co- 
temporary writer and near relation to the contracting 
parties, informs us, that lewis took the oath in the Ro¬ 
mance language, in order that it might be underftood by 

( r ) du chesne, Hift. Franc, tom, ii» p» 374 * 

U a 
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the French nobility who were the fubjects of ciiarles; 
and that they, in their turn, entered into reciprocal en¬ 
gagements in their own language , which the fame author 
again declares to have been the Romance, and not the 
Teutonic; although one would imagine that, had they 
at all underftood this latter tongue, they could not but 
have ufed it upon this occafion, in return for the condc- 
fcenfion of lewis. 

As a comparifon between this language and the Ro- 
manfti of the Grifons cannot be confidered as a mere ob¬ 
ject of curiofity; but may alfo ferve to corroborate the 
proofs 1 have above alledged of the antiquity of the lat¬ 
ter, X have annexed in the appendix w, a tranflation of 
this oath into the language of Engadine, which ap¬ 
proaches neared; to it; although I muff obferve, that there 
.are in the other dialed fome words which have a Rill 
greater affinity, with the language of the oath, as appears 
by ^pother tranflation I have procured, in which both 
dialeds are indifferently ufed. To prevent any doubts 
concerning the veracity of thefe tranflations, I muff here 
declare, that I am indebted for them, and for feveral 
anecdotes concerning that language, to a man of letters,, 
who is a native and hath long been an inhabitant of the 
Grifons, and is lately come to refide in London. X have 
su%%d to this comparative view of thofe two languages . 
the I^atm words from Which both feem to have beem 
derived; as a proof of the exiftence of the Gallic 
Romance in France-down to the twelfth century,.I have- 

M N°I, 
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alfo Subjoined tlie words ufed in that kingdom at that 
period, as they are given ns by the author of the article 
(Langue) Romane , in the French Encyclopedic. 

To the companion of the two Romances, and the firni- 
larity of their origin, I may now with confidence add 
the authority of fontaninia; to prove, that they are 
one and the fame language. This author, fpeaking of 
the ancient Gallic Romance, aflerts that it is now fpoken 
in the country of the Grifons; though, not attending to 
the variety of diale&s, fome of which have certainly 
nothing of the Italian, he fuppofes it to have been alto¬ 
gether adulterated by a mixture of that modem tongue. 

Whilft the Grifons negledted to improve their lan¬ 
guage, and rejected, or indeed were out of the reach of 
•eveijy refinement it might have derived from polifhed 
ftrangers, the tafte and fertile genius of the Troubadours,, 
foftered by the countenance and elegance of the brilliant' 
courts and fplendid nobility of Provence, did not long, 
■leave theirs in the rough'Rate in which we find it in the- 
ninth century. Rut the change having been gradual and- 
aimoft imperceptible, the French hiffcorians have fixed- 
no epocha for the transition of the Romance into the Pro¬ 
vencal. That the former language had not received any 
considerable alteration in the twelfth century may be ga¬ 
thered from the companion in the appendix: and that it ; 
ftill bore the fame name, appears from the tides of Seve¬ 
ral books which are faid to have been written in, or trans¬ 
lated into, - the Romance. But though mention is made 

(t) Elotj. Ital. p. 44. 


3 



Mr. planta’s Account of 

of that name even after this aera, yet upon examining 
impartially what is given ns for that language in this 
period, it will be found fo different from the Romance 
of the ninth century, that to trace it any further would 
be both a vain and an extravagant purfuit. 

Admitting, however, the univerfal ufe of the Romance 
all over France down to the twelfth century, which no 
French author hath yet doubted or denied; and allowing 
that what the writers of thofe times fay of the Gallic is 
to be underftood of the Romance, as appears from chro¬ 
nological proofs, and the expreflions of feveral authors 
prior to the fifth century W; who, by diftinguifhing the 
Gallic both from the Latin and the Celtic> plainly indi¬ 
cate that they thereby mean the Romance, thofe being 
the only three languages which, before the invafion of 
the Franks, could poffibly have been fpoken, or even 
underftood in Gaul: admitting thefe premifes, I fay, it 
neceffarily follows, that the language introduced into 
England under Alfred, and afterwards more univerfally 
■eftablifhed by edward the Confeftor, and william the 
Conqueror, muft have been an emanation of the Ro¬ 
mance, very near akin to that of the abovementioned 
oath, and confequently to that which is now fpoken in 
the Alps. 

The intercourfe between Britain and Gaul is known 
to have been of a very early date; for even in the firft 

fa) Fidei commiffa quocuaque Sermone relinqui poffunt, non folum Latino 
vel'Graeco, fed etiatn Punico vel Gatticano. Digeft. I. xxii. tit. i. § 11. 

Tuautem vel Celtice 3 vel fi mavis Gailke, loqoere. sulp. sev. Dial. i. § 6 . 
fub fin. 


century 
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century we find, that the Britifh lawyers derived the 
grcateft part of their knowledge from thofe of the con¬ 
tinent.'*;; whilft, on the other hand, the Gallic Druids 
are known to have reforted to Britain for inflru&ion in 
their myfterious rites. The Britons, therefore, could not 
be totally ignorant of the Gallic language. And hence 
it will appear, that grimbald, John, and the other doc¬ 
tors, introduced by Alfred 6;, could find no great diffi¬ 
culty in propagating their native tongue in this ifland; 
which tongue, at that interval of time, could only be the 
true Romance, fince they were cotemporaries with lewis 
the Germanic. 

That the Romance was almoft univerfally underftood 
in this kingdom under edward the ConfefTor, it being 
not only ufed at court, but frequently at the bar, and 
even fometimes in the pulpit, is a fait too well-known 
and attefted (*) to need my further authenticating it with 
fuperfluous arguments and teftimonies. 

duclos, in his Hiftory of the Gallic Romancer*;, gives 
the abovementioned oath of lewis as the firft monu¬ 
ment of that language. The fecond he mentions is the 
code of laws of william the Conquerors, whom the 
leaf! proficient in the Englifh hiftory knows to have ren¬ 
dered his language almoft univerfal in this kingdom.. 

(x) Gallia Caufidicos docuitfaeundaBritannos, juv. Sat. xv m. 

(jO william of Malmsb. 1. n* c. 4. 

(;*) iNGtrLPH. paffim. du chesne } tom. iii, 

(a) Mem. des Infcrip. tom. xvii. p. 179. 
fi ) WIIKINS, Leges Anglo-Sax*. 

JiOW 
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How little progrefs it had yet made towards the modem 
French; and how great an affinity it Hill bore with the 
prefcnt Romanfli of the Griffins, will appear lrom the 
annexed tranflation of the firft paragraph of theie laws 
into the latter tongue ro. 

If we may credit du canoe (*), who grounds his aflfer- 
tion upon various inftruments of the kings of Scotland 
during the twelfth century, the Romance had alfo pene¬ 
trated into that kingdom before that period. 

The fame corruption, or coalcfcence, which gave rife 
to the Gallic Romance, and to that of the Griffins, muff 
alfo have produced in Italy a language, if not perfectly 
fimilar, at leaft greatly approaching to thofe two idioms. 
Nor did it want its Northern nations to contribute what 
the two other branches derived from that fourcew. But 
be the origin what it will, certain it is, that a jargon very 
different from either the Latin or the Italian was fpoken 
in Italy from the time of the irruptions of the barbarians 
to the fuccefsful labours of dante and petrarca; that 
this jargon was ufually called the vulgar idiom \ but that 
sp eroni tf), the father of Italian literature, and others, fre¬ 
quently call it the common Italian Romance. And if fon- 
tanini’s d) authorities be fufficient, it appears that even 
the Gallic Romance, by the refidence of the Papal Court 

(t) Append. N° II, 

(d) Ptaf. Gloff. n. xxi. 

(t) FONTANINI, p. 4. ' 

(f) speron. Dial, paffim,— -Conf. menage, Ofig. della Ling, ltd. voce 

EOMANsSA. 

(g) FONT. p. VJ. 



the Romanfh Language, 155 

at Avignon, and from other caufes, made its way into 
Italy before it was polifhed into the Provencal. 

As to Naples and Sicily, the expulfionof the Saracens 
by the Normans, under Robert guiscard in 1059, 
muft have produced in that country nearly the feme ef¬ 
fect, a fimilar event foon after brought about in England, 
And in fad we have the authority of william of Apu¬ 
lia (b) to prove, that the conquerors ufed all their efforts 
to propagate their language and manners among the na¬ 
tives, that they might ever after be confidered only as 
one people* And hugo falclando; relates, that in the 
year 1150, Count henry refufed to take upon him the 
management of public affairs, under pretence of not 
knowing the language of the French; which, he adds, 
wds abfblptely neceffary at court. 

That the language of the Romans penetrated very 
early into Spain, appears moft evidently from a paffage 
in strabo w, ‘who afferts, that the Turditani inha¬ 
biting the banks of the Boetis, now the Guadalquivir, 
forgot their original tongue, and adopted that of the 
conquerors* That the Romance was ufed there in the 
fourteenth cenfury <appears from a correfpondence be- 
tween at!. v«s«wsr* of Ferrieres and Don martin, fcn 
of retER; the IVth of ; awJ ( that this language 

muff once have been common in that-kingdom appears 
manifeftly from the prefent name of the Spanifh, which 

1 (h) Sw'^t. IttL tom. V- P< 2 S 5 - (0 Ibid ‘ tom *P‘ 3 22 ’ 

(}) Lib. iii. (0 mabill. an, L 64. n. 124. • * ^ 

VOL. L£VI. x h 
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is ftill ufually called Romance^. Thefe circumftances 
considered, I am not fo much inclined to difcredit a fadt 
related by mabillon ou, who fays, that in the eighth cen¬ 
tury a paralytic Spaniard, on paying his devotions at the 
tomb of a faint in the church of Fulda, converfed with a 
monk of that abbey, who, becaufe he was an Italian , un- 
derftood the language of the Spaniard. Neither does an 
oral tradition I heard fome time ago appear now fo ab- 
furd to me, as it did when it was firft related to me, which 
fays, that two Catalonians travelling over the Alps, were 
not a little furprized when they came into the Grilons, 
to find that their native tongue was underftood by the 
inhabitants, and that they could comprehend moft ol the 
language of that country. 

The univerfality of the Romance in the French do* 
minions during the eleventh century, alfo accounts for 
its'introdudtion in Paleftine and many other parts of the 
Levant by Godfrey de bouillon, and fhe multitude of 
adventurers who engaged under him in the Crufade. 
The aflizes or laws of Jerufalem, and thofe of Cyprus* 
are fianding monuments of the footing that language 
had obtained in thofe parts; and if we may truft a Spanifh 
hifiorian of fome reputation (*) who refided in Greece in 
the thirteenth century, the Athenians and the inhabi* 
tents of Morea {poke at that time the fame language that 
washed m France. And there is great reafon to ima- 

(m) orozcq,, TeL CalliU. vocc romance— Conf. crescimb, Volg. Poef. 
v. c. i. (») ASt. Ben. Ease, 3„p. a, p, 25B. 

( 0 ) raxm. MONTANERO Chr$tfica de JUAN I» 
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gine, that the affinity the Lingua Franca bears to the 
French and Italian is intirely to be derived from the Ro¬ 
mance, which was once commonly ufed in the ports of 
the Levant. The heroic achievements and gallantry of 
the Knights of the Grofs alfo gave rife to the fwarm of 
fabulous narratives; which, though not an invention of 
thofe days, were yet, from the name of the language in 
which they were written, ever after diftinguifhed by the 
appellation of Romancesw, 

I fhall now conclude this letter by obferving, that far 
from prefuming that the Romance hath been preferved fb 
near its primitive ftate only in the country of the Gri- 
fons, there is great reafon to fuppofe that it frill exifts in 
feveral other remote and unfrequented parts. When 
fontanini informs us a) that the ancient Romance is 
nowfpoken in the country of the Grifons, he adds, that 
it is alfo the common dialed of the Friulefe, and of fome 
diffcrids in Savoy bordering upon the Dauphine. And 
rivet (>) ferioufly undertakes to prove, that the Patois of 
feveral parts of the Limoufin, Quercy, and Auvergne 
(which in fad agrees Angularly with the Romanfh of the 
Grifons) is the, very Romance of eight centuries ago. 
Neither do I doubt but what fome inquifitive traveller 
might ftill meet with manifeffc traces of it in many parts 
of the Pyrenoeans and other mountainous regions of 
Spain, where the Moors and other invaders have never 
penetrated. I have the honour to be, See. 

(p) HWET, Orig. des Rom. p. 126. ed. 1678. 

( q ) p, 43 } 44. (?) Hift. litt. de la Fr. tom.vii p. 2a, 

X a 
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appendix,. 

N° I. Oath, of lewis the Germanic. 

Si Latin from which the Romances are derived. z. Gallic Romance in which 

the oath was taken. 3 French of the twelfth century. 4. Romanlh Qf 

Engadine, called Ladin. 5* Rontanlh of both dialcdls, 

1. Pro Dei amore, et pro-Chriftiano populo, et noftro 

2. Pro Deu amur , et pro Chrijlian poblo , et nojiro 

3. Por Deu amor, et por Chriftian pople, et noftre 

4. Per amur da Dieu y et per il Chrijlian poevel, et nofs 

5. Pro.l’amur da Deus, et pro il Chriftian pobel, et noft 

1 . communi falvamento, de ifta die in abante, in quan- 
a .commun falvamento d’ijl di en avant y in quant 

3. commun falvament, de fte di en avant, en quant 

4. commun falvament , da quijl di in avant , in quant 

5. commun falvament, d’ift di en avant, in quant 

1. turn Deus fapere et pofle mihi -donat, fic falvabo ego 

2. Bern favir et podir .me dunat y ft falvarai to 

3. Deu faveir et po'.’r me donne, ft falvarai je 

4 . Dteu favair et padain m'duna, Jhi falvaro el 

5. Deus- favir et podir m’dunat, ftxi lalvaro io- 

1. eeciftum meum fratrem rarlum, et in adjuttun erev 

2. *# meon> Jradre • karlo, et in adfudah er 

3. dft mon. frere -karle, et en adjude ferai 

4 . quijl mietr freer, carlo, et in adgiud U faro* 

5. quift meu frad’r carl,, et in. adjudh Taro 

4 u im 
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1. in quaque una caufa, fic qnomodo homo per dire&um 


2. in 

cadhuna 

cofa , 

J 

cum 

om 

per 

dreit 

3.en 

cafcune 

cofe, 

fi 

cum 

om 

per 

dreidt 

4 .in 

cbiaduna 

chiojfa , Jhi fcho 

Vhom 

per 

drett 

5. in 

caduna 

cofa, 

fi 

com 

om 

per 

drett 


1, fuum fratrem falvare debet, in hoc quod ille mihi 
z.Jon far dre fahar dijl , in 0 quid il me 

3. fon frere falver dift, en o qui il me 

4 % fteu freer fahar d'uefs , in que cbel a mi 

5. feu frad’r falvar dels, in que ch£l me 

1. alteram lie faceret; et ab Lothario nullum placitum 

2. qltreji fazet\ et ab Ludher nul plaid 

3. altreli fafeet; et a Lothaire nul plaid 

4. altreji fadsebefs; et da Lotbar mat non prmdro to un 

5. altreli fazefs; et da Lothar nul plaid mai 

1. nunquam prehendam quod meo voile eccifti meo fratri 

2. nunquam prindrai qui meon vol ci/l meon fradre 

3. nonques prendrai qui par mon voil a cift mon frere 

4. plad cbe con mieu volair a quijl mieu freer 

5. non prendrb che con meu voler a quilt meu frad!rc 

<1. karlo in damno dit, 

2. karle in datmoftt. 

3, karle en dam feit. 

4, carlo fat in damn. 

5. carl in damn fia. 


N°IL 
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II. The firft Paragraph of the Laws of william the 

Conqueror. 


t. The Latin tranflation. 2. The French original, 3. A tranflation 
into the Romanili of both diale&s. 

1 . Hae funt Leges et Confuetudines quas willelmus Rex 

2. CefontlesLeis etles Cuftumes que liReis wiLLiAM.gr antut 

3. Que fun las Leias e’ls Cuftums que il Rei willelm ga- 

1. conceflit toto populo Anglise poft fubadtam terrain. 

2. a tut lepeuple de Engleterre apres le conqueft de la terre. 

3. rantit a tut il poevel d’Engelterra dapo il conquift della 

1. Eaedem funt quas edwardus Rex Cognatus ejus obfer- 

2. Ice lesmeifmes que le Reis edward fun Cojin tint 

3. terra. E fun las medemas que il ReiEDWARD feucufrin. 

i.vavit ante eum. Scilicet: Pax Sandtse Ecclefise, 
a« decant lui . Co eft a faveir: Pais a Sainte Eglife 9 

3. tenet avant el. Co es dafavir: Pseih alia Sainta Ba- 

1. cujufeunque forisfadturae quis reus fit hoc tempore, et 

2. de quel forfait que home out fait en cel tens , et 

3. felgaw, da quel sfarfatt que om a fatt en que temp, et 

1. venire poteft ad fandtamEcclefiam, pacem habeat vitae 

2. il pout venir a fainte Eglife 9 out pais de vie 

3. il pout veiur alia Sainta Bafelga, haim paeih da vitta 

(a) The word Ecclefia being more modem in the Latin tongue than Baft- 
lica, the Romanfh word Bafelga derived from the latter is an additional proof of 
the antiquity of this language. 

et 
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1. et membri. Et fi quis injecerit mannm in eum qui 

2. et de membre . E fe alquons meift main en celui qui 

3. et da members. E fi alcun metta man a quel que la 

1. matrem Ecclefiam qusefierit, five fit Abbatia five 

2. la mere Eglije required, fe ceo fuji u Abbeie u 

3. mamma Bafelga requira, qu’ella fufs Abbatia u 

1. Ecclefia religionis, reddat eum quern abftulerit et 

2. Eg life de religion , rendifl ce que il javereit< pris • 
3-Bafelga da religiun, rendaque qu’el favares prais, et 

1. cent um folidos nomine forisfa&urae, et matri Ecclefiae 

2. e cent fobs de forfait , e de Mer Eglife de 

3. cent folds da- sfarfatt> et alia mamma Bafelga da 

1. parochiali 2 ofolidos ? et capellae 1 ofolidos: Et quifregerit 
2>paroiJfe 20 folds , ede Cbapelle 10 folds: E que enfraiant 
3« parocbiaa ofolds,e da capella iq folds: E queinfrignand 

1. pace m Regis in Mercbenerega 100 folidis emendet 5 
2 . 1 apais leRei en Mercbenelae 100 folds les amendes\ 
3'. la pasftr del Rei in Merchenelae 1 ov folds d’amenda; 

1. fimiliter de compenfatione homicidii et de infidiis 

2. altrefi de Heinfare e de aweit 

3. altrefi della compenfatiun del omicidii et infidias 

1. prsecogitatis. 

%,purpenfed. 

3. perpenfadas. 


VJtll. 'A 
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VIII. A Supplement to a Paper , entitledObfervations on 
the Population of Manchefterw. By Thomas Percival, 
M. jD. F. R. and A . A 


TO THE REV. DR. HORSLEY. 


REV. SIR, 

jr. Dec. 14, A. PAINFUL nervous complaint in my 

1775* eyes, with which I have been troubled a 

few days, lays me under the neceffity of writing to you 
by an amanuenfis. I beg leave to return you my beffc 
thanks for your kind attention to my Memoir, If you 
think the following additions of importance, you are at 
liberty to annex them to it to. 

I have the honour to be, &c. 

FROM the table of the number of males and females 
baptized in different places it appears to, that the propor¬ 
tion of males to females baptized is nearly as 13 to 1 a, 
agreeable to the calculation of Mr. derhaM ; but the fuo 
ceeding ones ihew, the number of females alive conli- 
derably exceed the number of males, in a variety of 
places; and that the widows are almoft double the num¬ 
ber of widowers. 

(a) See Philofoph. Tranfa&ions, vol. LXV. art. xxm. 

(b) Thefe papers came too late to my hands to be kderted in the laft publi¬ 
cation. s. horsley. 

(c) See Philofoph. Tranf. yoI. LXV. p 333. 


A com- 
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A comparative view of the numbers of males and females 

in different plades. 


Places, 

Males. 

Females. 

Manchefter, 

IO548 

* L 933 

Salford, 

2248 

2517 

Townfliips of ditto, 

947 

95 8 

Parifti of Manchefter, 

6942 

6844 

Bolton, 

ai59 

2392 

Little Bolton, 

361 

410 

Monton, 

196 

190 

Hale, 

140 

136 

Horwich, 

149 

136 

Darwen, 

900 

959 

Cockey, 

320 

39 i 

Chowbent, 

554 

606 

Ackworth, 

340 

388 

Eaftham, 

45i 

461 

Chinley, 

181 

168 

Browniide, 

40 

47 

Bugsworth, 

80 

95 

Afhton under Line, 

1406- 

1*453 

Parifti of ditto, 

3584; 

3513 

Tattenhall parifti, 

382 

399 

Waverton parifti, 

310 

333 

Total, 

31238 

33339 

Yol. LXVI. 

Y 

Acorn- 
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A comparative view of the number of widowers and 
widows in different places. 


Places. 

Widowers* 

Widows. 

Manchefter, 

432 

I064 

Salford, 

89 

149 

Townfhip of ditto, 

21 

42 

Parifti of Manchefter, 

232 

3^5 

Monton, 

14 

13 

Hale, 

8 

12 

-Horwich, 

9 

8 

Darwen, 

30 

48 

Cockey, 

10 

27 

Cbowbent, 

26 

43 

Chinley, Brownfide, and Bugfwoith, 15 

18 

Aftiton under Line, 

50 

81 

Parifti of ditto. 

67 

95 

Total, 

1003 

1915 

Let no arguments in 

favour of polygamy be 

drawn 


from thefe tables. The pra&ice is brutal; deffra&ive to 
friendfhip and moral fentiment; inconfiftent with one 
great end of marriage, the education of children; and 
fubverfive of the natural rights of more than half of the 
fpecies 

— “ Higher of the genial bed by far. 

“ And with myfterious reverence I deem.” milton. 

Nor 
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Nor is this tyranny of man over the weaker, but more 
amiable fex favourable to population. For notwith- 
han ding the number of females in the world may confi- 
derably exceed the number of males, yet there are more 
men capable of propagating their fpecies, than women 
capable of bearing children. This painful office gra¬ 
dually becomes more dangerous and lefs frequent as the 
rigidnefs of the fibres increafes, and ceafes intirely at the 
age of fifty. The fatality of it is thus wifely obviated, 
and the comforts of declining life are not interrupted by 
the arduous toil of nurfing. An inftitution, therefore, 
which confines in fervile bondage to one ufurper, many 
females in the prime of youth, muft leave numbers defti- 
tute of the means, which nature hath pointed out, for per¬ 
petuating and increafing the race of mankind.. And it is 
a fa& well known, that Armenia, in which a plurality 
of wives is not allowed, abounds more with inhabitants 
than any other province of the Turkiih empire. 

P. S. Since the preceding paper was written, the rev. 
Mr. craddock hath favoured me with a furvey of the 
town and parifti of Aftiton under Line, diftant about 
eight miles from Manchefter. The inhabitants confift of 
mamifadhirers and farmers. 
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An enumeration of the inhabitants of the town and pariih 
of Aihton under Line^ made in 1775. 


Inhabitants, 

Houfes, 

Families, 

Males, 

Females, 

Married, 

Widowers, 

Widows, 

Under five years of age. 
From five to ten, 

ten to twenty, 
twenty to fifty, 
fifty to feventy, 
feventy to ninety, 


Town* 

Parifh. 

2859 

5097 

553 

941 

599 

971 

1406 

2584 

1453 

2513 

98a 

1679 

50 

67 

81 

95 

5°9 

896 

396 

764 

54 i 

ion 

1044 

188a 

11 

3°7 

471 

62 

73 


The rev. Dr. peploe, chancellor of the diocefe of 
Ghefter, has honoured me with the following account of 
the pariflies of Waverton and Tattenhall, both in the 
neighbourhood of Chefter. The inhabitants are farmers 
and labourers. 


An 



Dr. percival on Population . 165 


An enumeration of the inhabitants of Tattenhall, made 
in Auguft, 1774, by the rev. brice storr, curate. 


Inhabited houfes, 


148 

Uninhabited ditto, 


2 

Heads of families, 


176 

Aged above 14 years, 


462 

Men and boys, 


382 

Women and girls, 


399 


Chriftenings. 

Burials. 

1764 

28 

8 

1765 

21 

9 

1766 

19 

12 

1767 

29 

11 

1768 

28 

16 

1769 

24 

I S 

1770 

37 

IS 

1771 

30 

9 

177a 

26 

J 5 

I77a 

38 

20 


28a 

ia<* 


An 
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An enumeration of the inhabitants of Waverton, made 
in Auguft, 1774, by the rev. Mr. bissett, minifter of 


the parilh. 

Inhabited houfes, 


109 

Uninhabited ditto, 


2 

Heads of families, 


116 

Aged above 14 years, 


406 

Men and boys, 


310 

Women and girls, 


322 


Qmfterrings* 

burials. 

1764 

19 

10 

1765 

26 

2 

1766 

17 

7 

1767 

18 

10 

1768 

22 

10 

1769 

17 

7 

1770 

20 

8 

1771 

23 

9 

177a 

18 

la 

1773 

13 

9 


193 

84 


In the valuable wort which I have & often quoted, 
Dr. price ‘hath given many convincing and melancholy 
proofs of the dedining ftate of population in this king¬ 
dom. The growth of large towns; the prevalence of 

vice 
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vice and luxury; the difcouragements to marriage; the 
deftruCtion of cottages; and various other caufes have 
the moil unfavourable influence on the increafe of man¬ 
kind. But it is to he hoped, that thefe evils do not uni- 
verfally prevail; and that even fome good may arife from 
them to check their baneful effects. Certain it is, that in 
this part of England the inhabitants multiply with great 
rapidity: and though the increafe may be chiefly owing 
to recruits drawn from other counties, yet the flourilh- 
ing ftate of our manufactures cannot fail to promote po¬ 
pulation, by affording plentiful means of fubfiftence to 
the poor. The biftiop of Chefter informs me, that in 
various parifh regiffers which he has confulted, the births 
have progreflively become more numerous from gene¬ 
ration to generation. At Boxley in Kent, where his 
lordfhip was vicar, he divided the times, from the com¬ 
mencement of the reign of queen Elizabeth, into pe¬ 
riods of twenty-one years; and found, that the number 
of births in the firff period was 310, and in the laffc 5 2 5.. 
The increafe was gradual through the whole time.. 

Mancheftrr, 

Sept. 20, 1775* 


IX. ViolaJ 
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IX. Violent Afhmtk Fits y occaftoned by the Fffltma of 
Ipecacoanha. By William Scott, M. D. of Stamford- 
ham, Northumberland. 

R. Dec. 21, ‘TV yTRS. S. of Stamfordham, in Northumber- 
* 775 - iVjL i an d 5 married a perl'on of the medical 
faculty in the year 1759, being then about twenty-iix 
years of age. She had been always remarkably healthy 
before that period, and quite free from all nervous or 
other complaints, except a trifling nervous head-ach that 
ufed to affecft her temples and forehead, fometimes for a 
night or fo, about the time of her menftruation. The 
firft year or two after marriage Ihe enjoyed her ufual 
good health and fpirits in general; but at times Ihe was 
afflicted with a very troublefome fliortnefs of breathing, 
attended with a remarkable ftridture about her throat and 
breaft, and with a particular kind of wheezing noife. Thefe 
fits came on very fuddenlv, and without any previous 
caufe that at firft could be afligned; and were often fo vio¬ 
lent as to threaten immediate fuffocation. The duration 
of them was uncertain, fometimes longer and fometimes 
fhorter; but in general they went off in two or three days, 
and commonly with a {pitting of a tough phlegm, which, 
flie laid, had a difagreeable metallic tafte. V. hen thefe fits 
were off, Ihe enjoyed her ufual good health and fpirits: had 
a chil- 



Dr. scott on Ajllmatic Fits . i6g 

children; but fufFered as little as any woman could do, ei¬ 
ther in breeding or h ing-in; and it was not obferved, that 
llie was more fabject to thcfe fits when with child than 
at other times. She was blooded, and took fome common 
pedtoral medicines for them; but without any benefit. 
About a year and a half, or tw r o years, after her marriage, 
-flie told her hufband, that fhe obferved thefe fits always 
attacked her when any Ipccacoanha was powdered in his 
Ihop; and that fhe was certain the effluvia of that medi¬ 
cine immediately brought them on. This was looked 
upon at firft as a fancy, and little regard paid to it for 
fome time. However, frequently after this, when any of 
that medicine was powdering or putting up, fhe ufed im¬ 
mediately to call out, perhaps from a different room, that 
fhe found the ipecacoanha , and that they WQuld fee her 
immediately affeffed by it. This I, and feveral others, 
law frequently happen as fhe had faid; fo that we were at 
laft convinced, to a demonftration, that the effluvia of 
the medicine, fome how r or other, fo affefted her nerves, 
as to bring on a very great and remarkable degree of 
fpafm all about her throat and breaft. Having thus 
had feveral repeated proofs of the effects the medicine 
had upon her, great precaution was therefore taken for 
feveral years never to pound any of it, but to purchafeit 
pow r dered; and alfo care was taken, when weighing or 
putting any of it up, to fend her out of the way, or to 
fome diftant part of the houfe. By thefe means fhe was 
kept pretty clear of it for feven or eight years together, 
during which time fhe enjoyed perfect good health. - 
Vol. LXVI. Z feetwixt 
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Betwixt nine and ten o’clock in the evening, June 3, 
1775, her huffiand happening to have got a quantity of 
the pulv. ipecacoanha home, without confidering opened 
it out, and put it into a bottle: his wife not being far off 
at the time, and then in perfed good health, imme¬ 
diately, almoft even before it was got quite into the bot¬ 
tle, called out that lhe felt the ipecacoanha affedt her 
throat; on which lhe was immediately feized with the 
ftri&ure upon her breaft and difficulty of breathing. 
She was advifed to walk out into the air, to try if that 
would remove it; but it had little or no effect. She went 
to bed fome little time afterwards; was exceedingly ill 
all night; and betwixt two and three o’clock next morn¬ 
ing (June 4th) I law her, when ffie was gafping for 
breath at a window, was as pale as death, her pulfe fcarce 
to be felt, and in ffiort feemed evidently to be in the ut- 
raoft danger of fuffocation. She had feven or eight 
ounces of blood taken from her arm, her feet put into 
warm water, an anodyne draught with feven or eight 
drops of laudanum given her, and took frequently a ta¬ 
ble fpoonful of oil of almonds. None of thefe feemed 
to have the leaft effect: and ffie continued much in the 
fame way, with few or no intervals of eafe, till about nine 
d’clock that morning; when, being in a manner almoft 
exhaufted, ffie fell into a kind of difturbed fleep, the diffi¬ 
culty of breathing with a wheezing noife ftill continu- 
ingwithlktleabatement. She fiept fome little time, and got 
out of bed again about eleven o’clock that forenoon; her 
breathing ftill very difficult, and her eyes looked red and 

6 - a little 
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a little inflamed. After fhe got up, fhe became eafler 
towards the afternoon, and it was then fuppofedit would 
go off. Dr. beown, an eminent phyfician of Newcaftle 
upon Tyne, happening to be in the neighbourhood, 
called upon Mrs. S.; and being told what had happened, 
faid he had known a cafe, pretty much flmilar, from the 
fame caufe; and hoped, as flie then feemed better, it 
would foon-go off; recommended to her riding out as 
foon fhe was able, and to be kept open. Towards bed¬ 
time the fame evening (June 4th) the difficulty of 
breathing returned, and die was again exceedingly ill all 
night; had flannel cloths wrung out of warm water ap¬ 
plied to her feet, bread;, and throat, with little or no ad¬ 
vantage; was blooded again about four o’clock next 
morning (June 5th), and had alfo a blifter applied to the 
back part of her neck, dill continuing to take now and 
then a fpoonful of the oil of almonds. She again fell 
into fome fleep about nine in the morning, and conti¬ 
nued in bed till betwixt eleven and twelve: got up, and 
was again a little eafler during the day; but at night was 
as bad as ever. And the fame fcene was continued for 
eight days and nights fucceffively; that is, fhe was ge¬ 
nerally a little eafler from about eleven o’clock of the 
forenoon, although dill far from well, till towards ten 
or eleven at night, when the fliortnefs of breathing al¬ 
ways returned very violently. However, after eight 
days fhe began to get better red at nights; the afthma- 
tic fits were neither fo long nor lb violent; and in abenst 
fourteen days from the accident were aknod erffirely 

Z 2 - gone 
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gone off; and at the writing of this letter, Auguft 1, 
1775, although fhe is now in very good health, lhe has 
not yet quite recovered her ufual flefli, ftrength, and co¬ 
lour. Befides the abovementioned medicines, file took 
at times, during the firit eight days, fmall quantities of 
an e m uliion of fperma cct 7 , lac. ammoniac, and fucc. li- 
quorit. ; had a dofe of cooling pm he; rode and walked 
out a little fometimes; had a few anodyne draughts with 
feven or eight drops of laudanum ; but it could not be 
obferved that lhe got any benefit from them, except that 
fhe fometimes thought the oil of almonds gave her a little 
eafe. She had a flight appearance of the menfes about four 
or five days after the accident happened, although it was 
then only about the middle of the ufual period; coughed 
up at times fome fmall quantities of blood, and had alfo 
fome mixed with her ftools and urine. The reafon why 
the laudanum , th^moft effedtual and univerfal anti-fpaf- 
modic, was ufed in fuch fmall quantities, was, that it was 
known before that, fhfe could never bear above eight or 
nine drops of it, as the common dofe ufed to affedt her 
with violent ficknefs at ftomach, giddinefs and pain in 
her head, See. to fo great a degree, that for fome years 
paft, fhe neither would take, nor durfi: her hufband ad- 
minifter, a larger dofe to her. At the time the above 
accident happened, fhe was neither with child, nor.had 
had any for fome years before. 

The above effedis of ipecacoanba , I believe, very fel- 
dom happen, and no doubt arife from fome peculiarity 
of conilitutfon. Medical writers, at leaft 'as far as I can 
, recoiled! 
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v recollect at prefent, feem to have taken little or no notice 
of its ever producing fuch an effect as the above, quin- 
cey, however, if I remember right, mentions its pro¬ 
ducing afthmas; but then he feems to mean, that it has 
that effed fomefimes when taken internally, but not by 
means of its effluvia. 

Mr. LEIGHTON, a reputable furgeon and apothecary in 
Newcaftle, told me, that the effluvia of ipecacoanba had 
the very fame effed upon his wife, as it is above de- 
fcribed to have had upon Mrs. S.; and that he had once, 
in particular, very near loft her from having fome of it 
powdered in his fhop. 

The ipecacoanba which had the above effeds upon 
Mrs. S. was the common officinal afti-coloured or grey 
kind. 

Mrs. S. has now (Od. 20, 1775) <l llite recovered her 
flefh, ftrength, colour, 8 tc. I have fometimes thought 
fince, that perhaps mufk in pretty large dofes might have, 
been of fervice to her. 


X. An 
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X. An Account of the Succefs of fome Attempts to freeze 
fluickjiher, at Albany Fort, in Hudfon’s Bay, in the 
Year 1775: with Obfervations on the Dipping-needle. 
By Thomas Hutchins, Efquire , in a Letter to Dr. Maty, 
Sec. R. S. 


T O ' D R. MATY. 

# 

G T ~ Albany Fort, Hutlfon\ Fay, 

® Auguft, 28, 1775, 

R. Dec. 21 , J HAD made two or three more obfervations 

^*1 y s* I 

A on the dipping-needle, but a violent fit of 
ficknefs, which hath for fome time attended me, and 
the having miflaid many of my papers oblige me to fend 
only thefe few to the Royal Society. I can allure you 
they were made with all poffible circumfpe&ion. I have 
fent home the infiruments by Captain Christopher as 
defined, and inclofe his receipt for them. The meteoro¬ 
logical remarks have been made at all the places within 
my jurifdicffion. I am very forry not to be able this year 
to fend home thofe from Albany, becaufe time will not 
permit me to copy them fair, and the ill Rate of my 
health prevents it being done fooner; but they lhall cer¬ 
tainly be fent next year. The fnow in my receiver 
during the whole winter was 64^ inches. 

Agreeable 

* * 
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According to the inftructions von were fo obliging to 
give me, concerning the congelation of quickfilver by 
cold, I made my firft attempt to produce that extraordi¬ 
nary phenomenon on the 19th January, 1775. The 
thermometer at eight o’clock in the morning was at 
37 0 below o; but between ten and eleven it flood at 
28°. I took the fame thermometer and the beft fpare 
tube I had, which admitted only of 250° below o, and 
immerfed them both together in a large tea cup filled with 
fnow, and poured on fp. nitri fumans Glaubers until the 
fiiow was dififol ved; but finding it did not cover the bulbs, I 
added more fnow and fpirit until the bulbs were entirely 
covered in the mixture, which was now liquified: the 
quickfilver fubfided very gradually to 130°, and then 
flopped. I had another cup at hand, and mixed fome ■ 
fnow and fpirit in it fo as to liquify the mixture, and re-, 
moved both the thermometers into it; but found the 
ftandard thermometer, by which I mean the inftrument 
graduated by Meff. nairne and blunt, London, had 
rifen in the removal to 1 io° -below o. As-the mixture 
in this fecond cup did not cover the bulbs, I added more as, 
before, .and alfo poured fome out of the firft cup. The 
fpare tube, graduated by myfelf, flood in this cup at. 
130°; but the ftandard fell deliberately to 263, where - 
it flood again. I therefore prepared a third cup as be¬ 
fore; the quickfilver did not afcend in the removal, but 
when immerfed it fell very fwiftly: that in the fpare - 
tube funk into the bulb, and that in the ftandard de¬ 
fended much quicker than before, until it came to4oo°; 

* after, 
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after which it fell gently to 430°, and did not go beyond 
this point. As this was a greater degree of cold than 
that which Profeflor b r au m laid quickfil\ er would freeze 
at, I determined to break my fpare tube, which was ea- 
lily done by a ftroke with a pair of feiflars; the quick- 
filver in a fall of about fix inches was flattened, and fome 
globuli appeared at the bottom of a tea cup in which it 
was received. This occafioned Mr. jarvis the furgeon, 
who was fo obliging as to aflift me, to exclaim the quick- 
filver was not frozen; but when he faw me repeatedly 
ftrike the cake with an hammer, and heard it give a 
deadifh found like lead, as M. braum juftly exprefies it, 
he receded from his firft opinion. The quickiilver li¬ 
quified in about fix or ten feconds. The furface, when 
frozen, was finely poliihed. I imagine the internal part 
of the globe was not frozen, and that the force of the fall 
having flattened it, might crack the external coat or fliell 
of congealed quickiilver, and peimit the gfobuli which I 
faw to efcape into the cup. On taking the ftandard ther¬ 
mometer out of the mixture it fell io° lower than when 
the bulb was immerfed; but it foon began to afcend, and 
being taken into my room, it rofe to 40 above o, when 
I replaced it a little before noon. The operation lafted 
about thirty or forty minutes. 

Having fucceededthus far in my firft attempt to freeze 
quickiilver, I was anxious for another opportunity; but 
fometimes bufinefs r and want of a fufficient degree of 
cold in the air at other, times,, obliged me to defer it until 
the nth of February, which was very clear, and the 

ther- 
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thermometer flood at 3 6 ° below o. 1 began the ope¬ 
ration exa&ly at forty-five minutes paft eight; the in- 
ftrument being at 28° was put into a large tea-cup with 
the mixture as above, together with a fpare tube, gra¬ 
duated by myfelf; the quickfilver in the latter fubfided 
into the‘bulb, which was only 20o° below o; in the 
ftandard thermometer it funk to 447 0 at fifty-nine mi¬ 
nutes after eight o’clock, which gave me great hopes of 
fucceeding ftill better than in my firft attempt, becaufe I 
had now a greater degree of cold in my firft cup than I 
had before in my third. Finding it did not go any lower, 
l removed it into afecond cup, prepared as before; but 
the quickfilver fhewed no alteration in it. After waiting 
a considerable time, I removed it into a third; but in the’ 
removal, the quickfilver rofe to 38b 91 below* o. f ima¬ 
gined I had put in too much fpirit in proportion to the 
fnow, aid therefore added more of the latter, by which 
means it fubfided to 408°; and after ftanding at this 
point for fome time* it rofe to 406°; and foon after, at 
ten minutes after nine o'clock, it rofe with great celerity 
and full of bubbles, until it came to i6o Q above o, and 
in a minute after i| reached the point of boiling water. 
On examining the inftrument, I found the bulb cracked 
and the quickfilver fluid, to my furprize and regret. 

REMARKS. 

I it is-fextremdy difficult to afcertain the exadfc 

degree at which quickfilver begins to freeze, becaufe 
no particular alteration or dicusnftance points out the 
Vot, LXVft A a n*P- 
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moment of congelation, or even afterwards; for the 
quickiilver in the tube itill continues to fall, and hath the 
fame appearance as before, contrary to v hat we obferve 
in water. I thii>k, therefore, it can only be determined 
by breaking the glades at different altitudes; but this 
would be both tedious and expenfive. However, were 
{pare tubes filled by the maker, and graduated by the 
operator, to be made ufe of, the expence would be lefs;. 
but then, if thofe tubes will not admit of being gra¬ 
duated to a confiderable diftance (fuppofe iooo°) below 
o, the operator is obliged to put a thermometer, with a 
fcale graduated by the inftrument-maker, together with 
the other tube, into the mixture, to learn the degree of 
cold after the quickiilver in the fpare tube, defigned 
chiefly for the experiment, hath fubfided into the bulb, 
as was my cafe. Profeflor braum made it fubfide even to 
1 50 o°, which {foe ws the fineneft of the tubes he made 
ufe of. r 

Thefe, sir, are all the obfervations that much bufi- 
nefs, and an infirm ftate of health, permit me at this 
time to tranfmk to you. I wiifi they were more worthy 
your attention. You are the beft judge whether they 
will bear the infpedtion of the Royal Society, and to your 
candour I fiibmit them. I propofe making fome more 
experiments this year, which I ihall take a pleaiure in 
communicating; being, with great regard, 8tc. 


Ohfer- 
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Obfervations on the Dipping-needle, at Albany Fort, 
Longitude 83° 30' Weil. Latitude 52 0 24' North. 

February 3, 1775 * - 

© i 

76 50 Index Eaft. 

77 12 

80 o Index Weft. 

78 45 

79 20 changed the poles, the index ftill Weft. 

79 47 

79 40 Index Eaft. 

79 34 
79 45 
79 17 

79 8 Index Weft. 

78 50 

79 45 changed the poles again, the index Weft. 

79 19 

81 8 Index Eaft. 

79 45 

81 25 Mean of all obfervations 7 9 0 17'|. 

I took particular care in placing the inftrument in the 
magnetic meridian, and was near four hours before I got 
it right. The obfervations employed me four hours 
more; and when they were finiihed, I turned the index 
South, when the needle pointed at 89° 56', or very near 
perpendicular. I cannot poffibly account for the dif¬ 
ferences, more efpecially as I took fo much pains to ren¬ 
der thefe obfervations correct. Ob- 
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March 13, x? 75 * 

• > 

77 45 Index Eaft. 

80 45 

80 5 

78 40 

79 55 Index Weft. 

80 6 

79 45 
801 8 

78 10 Poles changed, and index Weft, 

79 So 
78 30 
78 50 

80 45 Index Baft, 

7 $ 45 * 

80 15 

78 20 

Mean of the whole is 79 0 25^'. 


©bfer- 
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May 6,1775. 

79 o Index Weft. 

78 o 

79 45 

79 15 Index Eaft. 

79 *5 

79 45 

7 8 30 Poles changed, index ftill Eaft. 

80 35 
80 10 

79 45 Index Weft. 

80 5 
79 4 » 

Mean 79 0 2 8',7 5. 

Thefe obfervations -were made in the open air, on a 
platform on the top of the fort. 


XI. 
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XI. Agronomical Obfervations made in the Audrian Ne¬ 
therlands in 177a and 1773* By Nathanael Pigott, 
Efquire , F. R. S. Foreign Member of the Academies of 
Bruflels and Caen. In a-Letter to the Reverend Nevil 
Mafkelyne, AJlronomer Royal , F. R. S. 

TO THE REV. NEVIL M 4 SKELYNE. 

Louvain, 

REV* SIRj Auguft 11, 177$.. 

R. Dec. 9, T RECEIVED, about a month ago, the favour 
1775 JL of your letter, and return you many thanks 
for the Greenwich obfervations, which you were fo 
obliging to fend me* I wait, with impatience, the pub¬ 
lication of your journey into Scotland, which muft be 
very curious and interefting. I beg of you, sir, to 
prefent my refpe&s to the Royal Society, with the in- 
elofed aftrdnomicai Obfervations, which I have contracted 
as much as I well could, confidently with a view of af¬ 
fording means to verify them, or rectify any miftake 
which, by inadvertency, may have crept in. I fliall only 
add a Ihort account of the indruments I ufed, and the 
elements I employed in the calculations, that a proper 
judgement may be formed, how far thefe obfervations 
may be depended upon. 

The meridian altitudes were taken with a quadrant 
one foot radius made by Mr. bird, very deadily fixed; 
free from any communication with the floor, and well 
placed in the plane of the meridian. 

’ 1 Repeated 
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Repeated obfervations for the error of the line of col- 
limation gave i ; 5 8 V ,7 additive to the zenith diilances. 

I always obferved both the limbs of the Sun on the 
meridian, when the weather would permit; its declina¬ 
tion was computed from the Nautical Almanac: its par¬ 
allax and all refractions, account being always kept of 
the height of the. barometer and thermometer, from 
Profeffor mater’s tables, publifhed by the Board of 
Longitude. 

The declinations of the fixed liars were taken from the 
ConnoiJJance des terns. The corrections on account of 
aberration and nutation, were either taken from the 
fame ephemeris, or computed. 

My fon always obferved %’s fatellites with a refleClor, 
made by short, of eighteen inches focal length, mag¬ 
nifying 95 times. I obferved them with a reflector of 
two feet and a half focal length, made by wing, magni¬ 
fying the diameter of the objeCt about 200 times. 

The clock was a compound gridiron pendulum, made 
by the Sieur le paute at Paris. 

The equal altitudes were taken with a quadrant of 
eighteen inches radius. 

This allronomical journey was undertaken at the re- 
queft of the government here. They exprefled a defire 
that the fituations of fome of their towns, at leaft, fhould 
be determined by obfervation; and I readily concurred, 
without regretting either trouble or expence, in a project 
which had public utility in view. 

I am, Sec. 
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Correfponding altitude of the Sun 

and Stars. 

1772 

b / tt 

Aug. 30. Clock at noon corre&ed by four obf. of Sun, 

” 54 7,9 

Sept. 5. Clock at noon corrected by feven ditto. 

11 47 26,8 

13. Clock at noon corrected by four ditto. 

0 a 48,5 

19. Clock at noon corre&ed by feven ditto, 

II £7 21,1 

21. Clock at noon corre&ed by feven ditto. 

u 54 42,7 

Oto. Clock at noon corre&ed by eight ditto. 

*1 32 37,7 

ix. Clock at noon corre&ed by nine ditto. 

11 31 20,0 

19. Clock at noon corrected by five ditto. 

11 22 33,1 

ao. Clock at noon corre&ed by five ditto, 

11 ai 31,c 

a 1. Clock at noon corre&ed by fix ditto. 

11 20 30,5+ 

Nov, 9. Clock at noon corre&ed by five ditto. 

0 ai 23,6— 

11. Clock at noon corre&ed by three ditto. 

0 23 10+ 

13. Clock at noon corre&ed by three fets ditto, 

0 *4 S5»i 

14. Clock at noon corre&ed by fix ditto. 

0 as 9,7+ 

ao. dock at noon corre&ed by feven ditto. 

0 30 30,5— 

Ditto. Fomahant crofied the meridian by the clock. 

7 28. 28,0 

21. Fomahant crofled the meridian by ditto. 

7 as 19 , 9 — 

Dec. 23. £ Ceti on meridian by the clock. 

6 39 38 , 5 — 

34. Clock at noon corre&ed by four obf. of Sun, 

0 19 6,0 


NAMUR 
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NAMUR 1772 . 

By a mean of eight meridian altitudes of the fixed 
ffcars taken in September, I determined the latitude of 
my obfervatory, in the Rue St, Nicholas , near the Re¬ 
collets Church, 50° 28' 32" North, 

Sept. 4, emerfion of %’s firft fat, at 1 o h 38' by the clock. 


Apparent times, 


h ' " 

Emerfion at Tymaw in Hungary, by Father weiss, 3I feet achrom. 1 n 

weather fine. 

To reduce to time of the Royal Obfervatory at Paris, 

J 

—i 0 55 

Emerfion of the fat. at Paris, 

10 40 16 

Emerfion by my fon at Namur, 

i* 49 55 

Namur Eaft of the Paris Obfervatory, in time. 

9 39 


Or in parts of a great circle 2 0 24' 45". 


A very good observation, U-’s belts very diftindt 
I faw the emerfion latter. 


Vofc. LXVI. 


Bb 


I*UXEM« 
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LUXEMBOURG 1772 . 

By a mean of twenty-nine meridian altitudes of tlie 
Sun and fixed ftars taken in September and October, one 
of which only, gives the latitude 19/9 different from 
the mean of the whole, I determined the latitude of my 
obfervatory, in the Rue St. E/prit , near the Jefuits 
Church, 49 0 37' 6 /; + North, 

Sept. 11. emerfion %’s firfi: fat. 12* 1 5 5' 20" by the clock. 

Apparent times. 


Ix * " 

Emerfion at Greenwich, by the Nautical Almanac, \% 28 15 

Error of tables, by a good obfervation at Tyrnaw, Sept. 4, +07 

Greenwich Weft of Paris, +9 16 

Emerfion at Paris, 12 37 38 

I obferved it at Etaembourg, 12 53 19 

Laiembotag'Eift of ija^is Obfervatory, *5 4 * 


My fon faw the emerfibn i 9" later. 
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LUXEMBOURG, Sept. 20, I772. 


Emerfion it’s firft fat. at gh i5' 23" 

by the clock. 

‘ 

Apparent times. 
h. ' " 

Emerfion at Greenwich, by Nautical Almanac, 

8 55 « 

Error of tables, as above, 

+ 7 

Greenwich Weft of Paris, 

+ 9 16 

Emerfion at Paris, 

9 4 3 S 

I obfcrved it at Luxembourg, 

9 S* 

Luxembourg Eaft of Paris, 

17 

My fon obferved the emerfion 13" later* 

The fame emerfion. 

Emerfion at Greenwich, by Nautical Almanac, 

8 SS « 

Error of tables, by an obfervation at Greenwich on the 37th, — 25 

At Greenwich, by the tables corrected, 

8 S 4 47 

Difference of meridians. 

+ 9 16 

Emerfion at Paris, 

9 4 3 

I obferved it at Luxembourgh, 

9 *9 5 * 

Luxembourg Eaft of Paris, 

iS 49 


£t>* 


tUXEtf* 
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LUXEMBOURG, 0 &. 19, 1772 . 

Emerlion if’s fecond fat. at yh. 31' 39" by the clock. 



Appatent time* 
h 

Emerfion at Tyrnaw, achrom. 3I feet, 

To reduce to Paris time. 

xx i 44 

8 54 47 
—1 0 55 

At Paris, 

My Ton obferved it at Luxembourg, 

7 53 5* 

8 9 14 

Luxembourg Eaft of Paris, 

15 22 

I faw it 3 ;/ later. 


The fame emerfion. 


At Senones, by M. messier, achrom. 5 feet. 

To reduce to Paris time, according to his letter. 

8 12 8 
— 18 34 

Emerfion at Paris, 

At Luxembourg, 

7 53 34 

8 9 14 

Luxembourg Eaft of Paris, 

15 40 


This emerfion was obferved alfo at 7I1 44' 13" appa¬ 
rent time, with a 6 feet reflector, at Greenwich. Allow¬ 
ing, according,to the Aftronomer Royal’s rule, about 20" 
for the difference of telefcopes, the refult will be, Luxem¬ 
bourg Eaft of Paris 15' 2 5". 


LUXE M- 
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Luxembourg, 0&. 20, 177a. 
Emerfion u-’s firft fat. at 1 ih o' 15" by the clock. 


Apparent time. 



k / // 

Emerfion at Greenwich, acbrom. 3 § feet, 

11 14. 18 

To reduce to Paris time,, 

+ 9 16 

At Paris, 

» 23 34 

I obfervcd it at Luxembourg,. 

11 39 13 

Luxembourg Eaft of Paris, 

IS 39 


My foil faw it 1 a" later.. 


LUXEM* 
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LUXEMBOURG, 0 < 5 t. II, I772. 

Eclipjfe of the Moon. 


By dock 


Appar. 

time. 


6 25 

6 36 
6 38 


// 


t 


6 40 42 
-6 4a 35 


6 

7 

6 

6 

6 


54 17 Galileus out of the ftiadow at Luxembourg, 

5 4 Copernicus begins to emerge at Luxembourg, 

6 59 Copernicus out at Luxembourg, 

51 37 at Senones, reduced to Paris, 

51 54 at the Obfervatory at Paris, 

9 41 Tycho begins to emerge at Luxembourg, 

11 34 Tycho out at Luxembourg, 

56 13 at Senones, reduced to Pari?, 

55 56 at the Obfervatory at Paris, 

56 21 Rue St. Honore atParis, by M. De ia lands, 
5 53 56|7 22 54 Manilius begins to emerge at Luxembourg, 

7 25 at the Obfervatory at Paris, 

7 28 Paris, Rue St. Honore, 

32 25 Mare Serenitatis out at Luxembourg, 

17 10 Senones, reduced to Paris, 

17 23 at the Obfervatory at Paris, 

41 17 Mare Crifium begins to emerge at Luxembourg, 
26 18 at Paris, Rue St. Honore, 

7 17 57(7 4^ 35 Mare Crifium out at Luxembourg, 

30 45 at Senones, reduced to Paris, 

By a mean. 


7 3 25 


7 12 17 


j 52 7 end of the eclipfe at Luxembourg. 

7 33 55 a* Senones, by M. messier, reduced to Pari*. 

7 35 4b at the Royal Obfervatory at Paris. 

7 34 54iParis, Rue St. Honore, by M. deia lande. 

At Luxembourg, Sky remarkably clear, without the leaf! wind. 


[Luxemb. 
Eaft of 

Paris. 
a 


IS a* 
15 S 


15 21 
15 38 
i5 13 

iS 

15 26 
iS i5 

15 2 

14 59 

15 5 ° 


Hence, by a mean of .It’s fatellites, 

Luxembourg Eaft of the R. Obferv, at Paris, by a mean of the whole. 


15 40+ 


IS 33 + 


iS »7 + 


Which gives 5 i f 45" in parts of a great circle. 
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LUXEMBOURG, 177 a. 

06 t. aa. at 3 hours P. M. a magnetic needle of four 
inches, made by dollond, gave the declination Weft 
18° 42 / |. 

06t. 23. at 10 hours A. M. the declination was 
iS°5o / . 

At la heese, near hoogstraeten. 

By a mean of twenty-two meridian altitudes of the 
Sun and fixed ftars taken in November 1772, one of 
which only, gives the latitude different from the mean of 
the whole 10", 2,1 determined the latitude of my obier- 
'fafcoly 51 0 23' 2"+N. 

Nov. 9. Emerfion %’s third fat. 6h 49' 29 ,r by the clock.. 

Apparent time. 


h ' " 

Efe&fion Tym'^-ttcHrom. 3 § feet, ' 7 *9 * 

To reduce to Paris time, 1 0 55 


Emerfion at Paris, ^ ,7" 

>X obfcrtcd it at La $s 


La Heefe Eaft of the Pari# Obfemtory, 9^ 43‘ 


My fon faw the Emerfion 1 5" later.. 
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It A HEESE, NOV. 14, I77a. 


Emerlion v’s firft fat. at 6h 44' 5" by the dock. 


Emerlion at Senones, achrom. 3f feet, 

Apparent time* 
h ' " 

6 27 7 

To reduce to Paris time, 

— 18 34 

■Emerlion at Paris, 

6 8 33 

I obferved it at La Heefe, 

6 18 42 

La Heefe Eaft of Paris, 

10 9 

The fame emerlion. 

At Greenwich, 6 feet xefle&or, 

5 59 28 

Difference of telelcopes. 

+ 0 ij 

•Greenwich Weft of Paris, 

+ 9 16 

Emerfion at Paris, 

6 8 59 

By my obfervation at La Heefe, 

6 18 42 

La Heefe Eaft of Paris, 

9 43 


Nov. 20. Emerlion it’s fecond fat. at 8h 15' 59" by 

the clock. 

Enaerfion by my fon, but I have no correfponding obfeyation, 7 45 9 


At 
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At L A H £ E s E, Nov. 21, 1772. 

Emerfion w’s firfi: fat. at 8h 45' 1 1" by the clock. 


Apparent time, 
h ' " 


Emerfion at Greenwich, by Nautical Almanac, 

7 

S 3 

54 

Error of tables, by the obferv. at Greenwich, Senones, and Tyrnawy 


+ 

12 

Greenwich Weft of Paris, 

+ 

9 

16 

Emerfion at Paris, 

8 

3 

22 

I obferved it at La Heefe, 

8 

13 

3 

La Heefe Eaft of Paris, 


9 

4 * 


My fon faw the emerfion 5" later. 


By a mean of the obfervations of y.’s fatellites, La 
Heefe is Eaft of the Royal Obfervatory at Paris 9' 49" in 
time, or 2 0 27' 1 S"‘ tiie obfervation of Nov. 14, 
compared with that made at Senones , be reje&ed, the 

// 

difference of meridians will be 7 j in time lefs. 


d g 
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AtHOOGSTRAETEN, NOV. 24, 1772. 

By a bafe of 3028 feet, twice very exactly meafured 
and angles taken with a quadrant 18 inches radius, I 
determined the church of Hoogjlraeten 10380 feet 
North and 5873 feet Eaft of the Obfervatory at La 
Heefe. 


Hence latitude of La Heefe, 5 1 2 3 * + 

Difference of latitudes, -{- i 42 


Latitude North of the church, of Hoogftraeten, 51 24 44 

4 h ' " 

Longitude of La Heefe, as above, 0 9 49 

Difference of meridians, + & 

Hoog'lraeten Eaft of the Royal Obfervatory at Paris, in time, 9 5S 


Or 2 0 28'* 45^ in parts of a great circle. 

At o s T E 3Sf d E. 

By a mean of 24 meridian altitudes of the Sun and 
ftars taken in December, one of which only, gives the 

latitude 11,7 different from the mean of the whole, I 
determined the latitude of my obfervatory, in the Rue 
de la Rojle 51 0 15' 1 o" North. 

The Qonnoijance des terns gives the lat. 51 0 13' 55"; 
but I do not know in what part of the town, or by whom 
it was determined. 


At 
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At OSTENDE, Dec. 23, 1772. 

Emerffon it’s firffe fat. at 4h 52' 48" by the dock. 

Apparent time, 
h ' " 


Emerfion at Greenwich, by Nautical Almanac, 4 42 1 

Error of tables, as Nov. 21, + \% 

Greenwich W eft of Paris, + 9 


Emerlion at Paris, 4 3 1 2 9 

I obferved it at Oftende, 4 34 2 


Oftende Eaft of Paris Obfervatory, in time, 2 33 


Or 38' i s" hi parts of a great circle. 

Twilight ftrong; Iky very clear and ferene; good ob- 
fervation. 

Dec. 24, at 3 hours P. M. I found the decimation of 
the magnetic needle Weft 2o° 3 57. 

At tournai, 1773* 

By a mean of 14 meridian altitudes of the Sun and 
ftars taken in January, one of which only gives the la¬ 
titude 2 2", 8 different from the mean of the whole, I 
■determined the latitude of my obfervatory in the Rue 
des Jefuites 50° 36' 57"+ North. 

The weather would not permit to obferve either v’s 
fatellites, or an occultation of a ftar by the Moon, for the 
longitude of Tournai, 


C c 2 
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XII. An Account of fome Attempts to imitate the EjfeSh of 
the Torpedo by Eletfricity. By the Hon. Henry Caven- 
dilh, j F. R . S. 


H. Jan. 18, A LTHOUGH the proofs brought by Mr. 

I775 ‘ JfX. walsh, that the phenomena of the tor¬ 
pedo are produced by ele&ricity, are fuch as leave little 
room for doubt; yet it mull be confeffed, that there are 
. fome circumftances, which at firffc light feem fcarcely 
to be reconciled with this fuppofition. I propofe, there¬ 
fore, to examine whether thefe circumllances are really 
incompatible with fuch an opinion; and to give an ac¬ 
count of fome attempts to imitate the effects of this ani¬ 
mal by electricity. 

It appears from Mr. walsh’s experiments, that the 
torpedo is not conftantly eleCtrical, but hath a pow T er of 
throwing at pleafure a great quantity of eleCtric fluid 
from one furface of thofe parts which he calls the elec¬ 
trical organs to the other; that is, from the upper furface 
to the lower, or from the lower to the upper, the experi¬ 
ments do not determine which; by which means a fliock 
is produced jn the body of a perfon who makes any part 
of the circuit Which the fluid takes in its motion to reltore 
the equilibrium. 


One 
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One of the principal difficulties attending the fuppo- 
fition, that thefe phenomena are produced by electricity,, 
is, that a fhock may be perceived when the fifh is held 
under water; and in other circumflances, where the 
eleCtric fluid hath a much readier paffage than through 
the perfon’s body. To explain this, it mutt be coniiJered, 
that when a jar is electrified, and any number of different 
circuits are made between its pofitive and negative fide, 
fome electricity will neceffarily pafi, along each; but a 
greater quantity will pafs through ihofe in which it meets 
with lefs refiftance, than thofe in which it meets with 
more. For inftance, let a perfon take fome yards of very 
fine wire, holding one end in each hand, and let him dis¬ 
charge the jar by touching the outfide with one end of 
the wire, and the infide with the other; he will feel a 
fhock, provided the jar is charged high enough; but lefs 
than if he had difcharged it without holding the wire in 
his hands; which fhews,that part of the electricity-paffes 
through his body, and part through the wire. Some elec¬ 
tricians indeed feem to have fuppoied that the eleCtric 
fluid palfes only along the fliorteft and readieft circuit- 
bat befides that fuch a fuppofition would be quite con¬ 
trary to what is obferved in all other fluids, it docs not 
agree with experience. What feems to have led*to this 
miftake is, that in difeharging a jar by a wire held in 
both hands, as in the above mentioned experiment, the 
perfon will feel no fhock, unlefs either the wire is very 
long and flender, or the jar is very large and highly 
charged. The reafon of which is, that metals conduCt 
6 fur- 
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furprizingly better than the human body, or any other 
fubftance I am acquainted with; and confequently, un- 
left the wire is very long and flender, the quantity of 
electricity which will pafs through the perfon’s body will 
bear fo fmall a proportion to the whole, as not to give 
any fenftble ftiock, unlefs the jar is very large and highly 
■charged. 

It appears from fome experiments, of which I propofe 
iliordy to lay an account before this Society, that iroh 
wire conducts about 400 million times better than rain 
or diftilled water; that is, the electricity meets with no 
more refinance in palling through a piece of iron wire 
400,000,000 inches long, than through a column of 
water of the fame diameter only one inch long. Sea¬ 
water, or a folution of one part of fait in 30 of water, 
conducts 100 times, and a faturated folution of fea fait 
about 720 times better than rain water. 

To apply what hath been here faid to the torpedo; 
fuppofe the fifh by any means Jto convey in an inftant 
a quantity of electricity through its eleCtric organs, from 
the lower furface to the upper, fo as to make the upper 
furface contain more than its natural quantity, and the 
lower lefs; this fluid will immediately flow back in all 
directions, part over the moift furface, and part through 
the fubftance of its body, fuppoflng it to conduct electri¬ 
city, as in all probability it does, till the equilibrium is 
reftored: md if any perfon hath at the time one hand on 
the lower ftirface of the eleCtric organs, and the other on 
the upper, part of the fluid will pafs through his body. 

More- 
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Moreover, if he hath one hand on one furface of an elec¬ 
tric organ, and another on any other part of its body, for 
inftance the tail, ftill fome part of the fluid will pals 
through him, though much lefs than in the former cafe; 
for as part of the fluid, in its way from the upper furface 
of the organ to the lower, will go through the tail, fome 
of that part will pafs through the perfon’s body. Some 
fluid alfo will pafs through him, even though he does 
not touch either eleCtric organ, but hath his hands on any 
two parts of the fifties body whatever, provided one of 
thofe parts is nearer to the upper furface of the eleCtric 
organs than the other. On the fame principle, if the tor¬ 
pedo is immerfed in water, the fluid will pafs through the 
water in all directions, and that even to great diftances from 
its body, as is reprefented in fig. 1. where the full lines 
reprefent the feCtion of its body, and the dotted lines the 
direction of the eleCtric fluid; but it muft be obferved, 
that the nearer any part of the water is to the fifhes body, 
the greater quantity of fluid will pafs through it. More¬ 
over, if any perfon touches the fifh in this fituation, 
either with one hand on the upper furface of an eleCtric 
organ, and the other on the lower, or in any other of 
thofe manners in which I fuppofed it to be touched when 
out of the water, fome fluid will pafs through his body;, 
but evidently lefs than when the animal is held in the 
air, as a great proportion of the fluid will pafs through 
the water: and even fome fluid will pafs through him, 
though he does not touch the fifh at all; hut only bolds 
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his hands in the water, provided one hand is nearer to 
the upper furface of the eleCtric organs than the other. 

The iecond difficulty is, that no -one hath ever per¬ 
ceived the ffiock to be accompanied with any fpark or 
light, or with the leaft degree of attraction or repulfion. 
With regard to this, it muft be obferved, that when a 
perfon receives a ffiock from the torpedo, he muft have 
formed the circuit between its upper and lower furface 
before it begins to throw the ele&ricity from one fide to 
the other; forotherwife the fluid would be difeharged 
over the furface of the fifties body before the circuit was 
compleated, and confequently the perfon would receive 
no fhock. The only way, therefore, by which any light 
or fpark could be perceived, muft be by making fome 
interruption in the circuit. Now Mr. walsh found, that 
the ffiock would never pafs through the leaft fenfible 
fpace of air, or even through a fmall brafs chain. This 
drcumftance, therefore, does not feem inconfiftent with 
tjua fuppofition that the phenomena of the torpedo are 
owing to electricity; for a large battery will give a con- 
fiderable ffiock,, though fo weakly charged that the elec¬ 
tricity, will hardly pafs through any fenfible fpace of air; 
and the larger the battpry is, the lefs will this fpace be. 
The principle on which this depends will appear from 
the following experiments. 

I took feverai jars of different fizes, and connected 
them to the fame prime conductor, and electrified them 
in a given degree, as ffiewn by a very exaCt electrome¬ 
ter; and then found how near the knobs of an inftrument 

in 
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in the nature of Mr. lane’s electrometer mult be ap¬ 
proached, before the jars would dilcharge themfelves. 
I then electrified the fame jars again in the fame degree 
as before, and feparated all of them from the conductor 
except one. It was found, that the diftance to which the 
knobs muft be approached to difcharge this fingle jar 
was not fenfibly lefs than the former. It was alfo found, 
that the divergence of the electrometer was the fame 
after the removal of the jars as before, provided it was 
placed at a confiderable diftance from them: from which 
laft circumftance, I think we may conclude, that die fbrce 
with which the fluid endeavours to efcape from the fin¬ 
gle jar is the fame as from all the jars together. 

It appears, therefore, that the diftance td which the 
fpark will fly is not fenfibly affeCted by the number or 
fize of the jars, but depends only on the force With which 
they are electrified; that is, on the force with which the 
fluid endeavours to efcape from them: confequently, a 
large jar, or a great number of jars, will give a greater 
fhock than a fmall one, or a fmall number, ele&rified td 
fuch a degree, that the fpark Ihall fly to the fame dif¬ 
tance; for it is well known, that a large jar, or a great 
number of jars, will give a greater fhock than a fmftl 
one, or a fmall number, electrified with the fame force. 

In trying this experiment, the jars Were charged very 
Weakly, infomuch that the diftance to which the fpark 
wctald fly was not more than the 2 oth of an inch. The 
ele&riSfffefCr I ufed coftfifted of two ftraws, 10 inches 
long, haftgSag parallel to each other, and turning at oftC 

Vol. LXVI. D d end 
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end on fteel pins as centers, with cork balls about £ 0 f an 
inch in diameter fixed on the other end. The way by 
which I eftimated the divergence of thefe balls, was by 
feeing whether they appeared to coincide with parallel 
lines placed behind them at about ten inches diftance; 
taking care to hold my eye ahvays at the fame diftance 
from the balls, and not lefs than thirty inches off. To 
make the ftraws conduCt the better, they were gilded, 
which caufes them to be much more regular in their 
effect. This electrometer is very accurate; but can be 
ufed only when the electricity is very weak. It would be 
eafy, however, to make one on the fame principle, which 
Ihould be fit for meafuring pretty ftrong electricity. 

The inftrument by which I found to what diftance 
the fpark would fly is reprefented,in fig. a.;,it differs 
from Mr. lane’s electrometer no otherwife than in not 
being fixed to a jar, but made fo as to be held in the. 
hand. The part abcpefgelm is of haired wood* the,- 
reft of brafs; the part gkl being; covered with tinfoil 
communicating with the brafs work at fg; and the part 
abm being alfo covered with a, piece of tinfoil, com¬ 
municating with the brafs work at cd. 

I next took four j c ars, all of the fame lize; electrified 
one of them to a given degree, as fhewn by the electro¬ 
meter; and tried the ftrength of the fhock which it gave 
apd found alfo to what diftance the fpark would fly, I 
tfien toq^. two of the jars, electrified them in the fame, 
degree as^efore^^nd communicated their electricity to 
title two remaining. The fhock of thefe four jars united,, 

was. 
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was rather greater than that of the fmgle jar; but the 
diftance to which the fpark would fly was only half as 
great. 

Hence it appears, that the fpark from four jars, all of 
the fame fize, will not dart to quite half fo great a dif¬ 
tance as that from one of thofe jars electrified in fuch a 
degree as to give a fliock of equal violence; and confe- 
quently the diftance to which the fpark will fly is in- 
verfely in a rather greater proportion than the fquare 
root of the number of jars, fuppofing them to be electri¬ 
fied in fuch a degree that the fhock fhall be of a given 
ftrength. It muft be obferved, that in the laft men¬ 
tioned experiment, the quantity of eleCtric fluid which 
pafied through my body was twice as great in taking the 
fliock of the four jars, as in taking that of the Angle one; 
but the force with which it was impelled was evidently 
lefs, and I think we may conclude, was only half as great. 
If fo, it appears that a given quantity of electricity, im¬ 
pelled through our body with a given force, produces a 
rather lefs fhock than twice that quantity, impelled with 
half that force; and confequently, the ftrength of the 
fhock depends rather more on the quantity of fluid 
which pafles through our body, than on the force with 
which it is impelled. 

That no one could ever perceive the fliock to be ac¬ 
companied with any attraction or repulfion, does not feem 
extraordinary; for as the electricity of the torpedo is dif- 
fipated .by efcaping through or over the furface of Its 
body, the inftant it is produced, a pair of pith balls 

D d 2 fuf- 
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fufpended from any thing in contact with the animal 
will not have time to feparate, nor will a fine thread 
hung near its body have time to move towards it, 1 'Tore 
the electricity is difiipated. Accordingly I have been in¬ 
formed by Dr. priestley, that in difcharging a battery 
he never could find a pair of pith balls fufpended from 
the difcharging rod to feparate. But, befides, there are 
fcarce any pith balls fo fine, as to feparate when ftif- 
pehded from a battery fo weakly electrified that its ftiock 
will not pafs through a chain, as is the cafe with that of 
the torpedo. 

In order to examine more accurately, how far the 
phenomena of the torpedo would agree with electricity, 
I endeavoured to imitate them by means of the fol¬ 
lowing apparatus, abcfgde fig. 3. is a piece of wood, 
the part abcde of which is cut into the fhape of the 
torpedo, and is i6| inches long from a to d, andapf 
broad from b to Ej'the part cfgd is 40 inches long,’ 
and ferves hy way Of handle, mn nm is a glafs tube 
let into a groove cut in the wood, w® is a piece of wire 
paffing through the glafs tube, and foldered at w to a thin 
piece of pewter bt lying flat on the wood, and intended 
to reprefent the upper furface of the eleClric organs. On 
the other fide of the wood there is placed fiich another 
glafs; tube, not reprefented in the figure, with a wire 
puffing through it, and foldered to another piece of pew¬ 
ter of £Ke>f#a*e fize and fhape as r r intended to repre¬ 
fent the loafer furface of thofe .organs. The whole part* * 
abcde is cov^red J with a 'pLtide of fheep’s fkin leather- 
.•5 In 
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In making experiments with this inftrument, or arti¬ 
ficial torpedo as I lhall call it, alter having kept it in wa¬ 
ter of about the fame faltnefs as that of the lea, till 
th oroughly foaked, I fattened the end of one of the wires, 
that not reprefented in the drawing for example, to the 
negative fide of a large- battery, and when it was fuffi- 
ciently charged, touched the pofitive fide with the end 
of the wire ww; by which means the battery was dif- 
charged through the torpedo: for as the wires were in- 
dofed in glafs tubes, which extended about an inch be¬ 
yond the end of the wood fg no eledtricity could pafs, 
fr om the pofitive fide of the battery to the negative, ex¬ 
cept by flowing, along the wire ww to the pewter r r, 
and thence either through the fubftance of the wood, or» 
along, the wet leather, to the oppofite piece of pewter, 
and thence dong the other wire to the negative fide. - 
When I would receive a fliock myfelf, I employed an 
affifiant to charge the battery, and when my hands were in 
the proper pofition, to difcharge it in the above mentioned 
manner by means of the wire ww. In experiments with 
this torpedo under water, I made ufe of a wooden trough; 
and as the ftrength of the fhock may, perhaps,, depend 
in fomemeafure on the fize of the trough* and on the 
manner in which the torpedo lies in it, I have in fig* 4* 
given a vertical fedtion of it; the torpedo being placed 
in^the fame fituation as in the . figure., abcde is- the 
txuopgb# the^length bg is 19- inches; the depth ab is. 
14;, breadth is x 3; confequently, as the torpedo ‘ 

is twp thick, in fhe thidosft part,, there 

St 
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51 inches diffance between its fides and thofe of the 
trough. 

The battery was compofed of 49 jars, of extremely 
thin glafs, difpofed in 7 rows, and fo contrived that I 
could ufe any number of rows I chofe. The outfides of 
the jars were coated with tinfoil; but as it would have 
been very diffic ult to have coated the iniides in that man¬ 
lier, they were filled with fait water. In a battery to 
anfwer the purpofe for which this was intended, it is 
evidently neceffary that the metals ferving to make the 
communications between the different jars ffiould be 
joined quite dofe; accordingly care was taken that the 
conta&s ffiould be made as perfect as poffible. I find, by 
trial, that each-row of the battery contains about 15I 
times as much electricity, when both are connected to 
the fame prime conductor, as a plate of crown glafs, the 
area of whofe coating is 100 fquare inches, and whofe 

thickaefs & ^ of ariinch; that is, fuch that one fquare 

foot of It ffiall weigh 10 oz. 12 pwts.; and confequently, 
the whole battery contains about no times as much 
electricity as this plate/-;. 

The way by which this was determined, and which, 
Idiink, is one of the eafielt methods of comparing the 
quantity of electricity which different batteries will re- 

jfa) X find, by experiment, that the quantity of ele&ricity which coated 
glafs and fizes will receive with the fame degree of ele&rifica- 

tion, is dire&ly as the area of the coating, and inverfely as the thicknefs of the 
glalsj whence the proportion which the quantity of elefiricity in this battery 
bears to that in a- glafs tfrjtr/of afify other fize, may eafily be computed. 

ceive 
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ceive with the fame degree of electrification, was this: 
Firft of all, fappofing a jar or battery to be electrified till 
the balls of the abovementioned electrometer feparated 
to agiven diftance, I found how much they would feparate 
when the quantity of electricity in that jar or battery was 
reduced to one-half. To do this, I took two jars, as nearly 
equal as pofiible, and electrified one of them till the balls 
feparated to a given degree, and then communicated its 
electricity to the other; and obferved to what diftance 
the balls feparated after this communication. It is plain, 
that if the jars were exactly equal, this would be the 
diftance fought for; as in that cafe the quantity of elec¬ 
tricity in the firft jar would be juft half as much after 
the communication as before; but as I-could not be fure 
that they were exactly equal, I repeated the experiment 
by electrifying the fecond jar, communicating its elec¬ 
tricity to the firft, and obferving how far the balls fepa¬ 
rated; the mean between thefe two diftances will evi¬ 
dently be the degree of reparation fought, though the 
jars were not of the fame fize. Having found this, I 
electrified one row of the battery till the balls feparated 
to the firft diftance, and repeatedly communicated its 
electricity to the plate of coated crown glafs, taking care 
to difcharge the plate each time before the communica¬ 
tion was made, till it appeared by the electrometer^ that 
quantity of electricity in that row was reduced to one 
h ?lk ,i found it neceflary to do this between 11 or 12. 
times, or 1times as I eftimate it. Whence the (jua^-- 
taty of electric fluid in the row may be thus dptyn^ed^ 
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Let the quantity in the plate be to that in the row as A’to i; 
it is plain, that the electricity in the row will be dimi- 
nifhed each time it is communicated to the plate, in the 
proportionof i to i +x, andconfequently after being com¬ 
municated n| times will be reduced in the proportion 
' JL 

of i to i+x lli ; therefore, i+# n *=a; and 

Whence the value of at may eafily be found by logarithms. 
But the readieft way of computing it, and which is exaCt 
enough for the purpofe, is this: multiply the number of 
times which you communicated the electricity of the row 
to the plate, by 1,444; and from the product fubtraCfc 

the fraction \\ the remainder is equal to -, or the num¬ 
ber of times by which the electricity in the row exceeds 
that in the plate. 

The-way by which I eftimated the ftrength of the 
charge given, to the battery, was taking a certain num¬ 
ber ©f jars, and electrifying them till the balls of the 
electrometer feparated to a given diftance, and then 
■rr yryro imi rating their eleCtricity to the battery. This 
method proved very convenient; for by ulmg always 
the fame jars, I was lure to give always the fame charge 
with great exaCfcnefs; and by varying the number and 
of the jars, I could vary the charge at pleafure, 
anddbefides • could eflimate pretty nearly the proportion 
of fbtjf 4s@bW3Kt charges to each other. It was alio the 
only convenient method which occurred to me; for I 
could not have done it conveniently by charging the 
whole battery till an electrometer fufpended from it fe¬ 
parated 
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parated to a given diftance; becaufe in moft of the expe¬ 
riments the electricity was fo weak, that a pair of fine 
pith balls fufpended from the battery would feparate 
only to a very fmall diftance; and counting the number 
of revolutions of the electrical machine is a very falla¬ 
cious method. 

I found, upon trial, that though a fhock might be 
procured from this artificial torpedo, while held under 
water, yet there was too great a difproportion between 
its ftrength, when received this way, and in air; for if I 
placed one hand on the upper, and the other on the 
lower furface of the eleCtric organs, and -gave fuch a 
charge to the battery, that the ftiock, when received in 
air, was as ftrong as, I believe, that of the real torpedo 
commonly is; it was but juft perceptible when received 
under water. By increafing the charge, indeed, it be¬ 
came confiderable; but then this charge would have 
given a much greater Ihock out of water than the tor¬ 
pedo commonly does. The water ufed in this experi¬ 

ment was of about the fame degree of faltnefs as that of 
the fea; that being the natural element of the torpedo, 
and what Mr# walsh made his experiments with. It was 
compofed of one part of common fait diflbfved in 30 of 
Water, which is the proportioniQf fa&rofcally laid to be 
contained in fea water. It appeared akfo* on examination, 
te*,conduct ele&ricity not-fenfibly •rettetr or worlethan 
fomerfea water procured from a mineral water ware- 
houfe. remarkable, that if I ufed frefh water 
head of ftiock feemed very little wcakerpWften 

Vol. LXVI. Ee , , . received 
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received under water than out; which not only confirms 
what was before faid, that fait water conduas much bet¬ 
ter than frefh; but, I think, fhews, that the human body 
is alfo a much better conduaor than frefh water: for 
otherwife the fliock mutt have been much weaker when 
received under frefh water than in air. 

As there appeared to be too great a difproportion be¬ 
tween the ftrength of the fhock in water and in air, I 
made another torpedo, exaaiy like the former, except 
that the part abcde inflead of wood was made of fe- 
veral pieces of thick leather, fuch as is ufed for the 
foies of fhoes, fattened one over the other, and cut into 
the proper fhape; the pieces of pewter being fixed on 
the furface of this, as they were on the wood, and the 
whole covered with fheep fkin like the other. As the 
leather, when thoroughly foaked with fait water, would 
fufier the electricity to pafs. through it very freely, I was 
in hopes that I fhowld {find lefe difference between the 
ftrength of the fhock in water and out of it, with this than 
with the other. For fuppofe that in receiving the fhock 
of the former torpedo under water, the quantity of elec¬ 
tricity which patted through the wood and leather of the 
torpedo, through my body, and through the water, were 
to each other as t, b, and w; the quantity of ele&ricity 
, which would pafs through my body, when the lhock 
„ received under water, would be to that which would 

paf^ ttep^h it, when the fhock was received out of wa¬ 
ter, as as in the firft cafe, the quantity 

% which 
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which would pafs through my body would be the 

B+V+ i r P art t ^ ie whole; and in the latter the part. 

Suppofe now, that the latter torpedo conducts n times 
better than the former; and confequently, that in re¬ 
ceiving its fhock under water, the quantity of ele&ricity 
which paffes through the torpedo, through my body, 
and through the water, are to each other as nt, b, and w; 
the quantity of electricity which will now pafs through 
my body, when the fhock is received under water, and 

out of water, will be to each other as to ; 

which two quantities differ from each other in a lefs pro¬ 
portion than and confequently, the readier 

the body of the torpedo conducts, the greater charge will 
it require to give the fame fhock, either in water or out of 
it; but the lefs will be the difference between the ftrength 
of the two fhocks. It fhould be obferved, that this alte¬ 
ration, fa far from making it lefs refembling the real 
torpedo, in all probability makes it more fo; for I fee no 
reafon to think, that the real torpedo is a worfe conductor 
of ele&ridty than other animal bodies; and the human 
body is at leaf! as good, if not a much better conductor 
than this new torpedo. 

The event anfwered my expectation; for it required 
about three times as great a charge of the battery, to 
give the feme fhock in air, with this new torpedo as with 
the foriftfer; and the difference between its ftrength when 

E e a received 
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received under water and out of it, was much lefs than 
before, and perhaps not greater than in the real torpedo. 
There is, however, a conliderable difference between the 
feel of it underwater and in air. In air it is felt chiefly 
in the elbows; whereas, under water, it is felt chiefly in 
the hands, and the fenfation is fharper and more dif- 
agreeable. The fame kind of fliock, only weaker, was 
felt if, inftead of touching the Tides, I held my hands 
under water at two or three inches diftance from it. 

It is remarkable, that I felt a fliock of the fame kind, 
and nearly of the fame ftrength, if I touched the torpedo 
under water with only one hand, as with both.* Some 
gentlemen who repeated the experiment with me thought 
it was rather ftronger. This Ihews, that the fliock under 
water is produced chiefly by the electricity running 
through one’s hand from one part to the other; and that 
but a ftnall part paflfes through body iron one hand 

to the other.* The truth -of this wall appear with more 
certainty from the following drcumftance; namely, that 
if I held a piece of metal, a large fpoon for inftance, in 
each hand, and touched the torpedo with them inftead of 
my hands, it gave me not the leaft fliock when immerfed 
in water; though when held in air, it affeCted me as 
ftrongly if I touched it with the fpoons as with my hands. 
On increafing the charge, indeed, its effedfc became fen- 
fibleVand as well as I cohld judge, the battery required 
to he Charged about twelve times as high to give the fame 
fliock when the torpedo was touched with the fpoons un¬ 
der water as out of i^.Itmuft be obferved, that in trying 
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this experiment, as my hands were out of water, I conld 
be affedted only by that part of the fluid which pafled 
through my body fiom one hand to the other. 

The following experiments were made with the tor¬ 
pedo in air. If I flood on an eledtric ftool, and touched 
either furface of the eledhic organs with one hand only,. 

I felt a fhock in that hand; but fcarcely fo ftrong as when 
touching it in the fame manner under water. If I laid a 
hand on one furface of the ele&ric organs, and with the 
other touched the tail, I felt a ihdck; but much weaker 
than when touching it in the ufual manner; that is,, with 
one hand on the upper furface of thofe organs, and the 
other on the lower. If I laid a thumb on either furface 
of an ele&ric organ, and a finger of the fame hand on 
any part of the body, except on or very near the fame 
furface of the organs, I felt a fmall ftiock. 

In all the foregoing experiments, the battery was 
charged to the fame degree, except where the contrary 
is exprefled: they all feem to agree very well with Mr. 
walsh’s experiments. 

Mr. walsh found, that if he inclofed a torpedo in a. 
flat bafket, open at the top, and immerfed it in water to 
the depth of three inches, and while the animal was A* 
that fituationtouch ed its upper furface with an iron bolt 
held in one hand, while the other hand was dipped into 
the water at fome diffence, he felt a. fhock in. both of 
them. I accordingly tried the fame experiment with .the* 
artificial torpedo; and if the battery was charged about 
fix timeLds high as ufual, received a fmall fhock in each 

hand 
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hand t*k No fenfible difference could be perceived in the 
ftrength, whether the torpedo was inclofed in the balket 
or not. The trough in which this experiment was tried 
was 3 6 inches long, i 4 t broad, and 16 deep; and the 
diftance of that hand which was immerfed in the water 
from the electric organs of the torpedo, was about 14 
inches. As it was found neceffary to charge the bat¬ 
tery fo much higher than ufual, in order to receive a 
lhock, it follows, that unlefs the fifh with which Mr. 
walsh tried this experiment were remarkably vigor¬ 
ous, there is ftill too great a difproportion between the 
ftrength of the Ihock of the artificial torpedo when re¬ 
ceived under water and out of it. If this is the cafe, the 
fault might evidently be remedied by making it of fome 
fubftance which condu6ts electricity better than leather. 

When the torpedo happens to be left on ftiore by the 
retreat of the tide, it loofens the fands by flapping its fins, 
till its whole body, except the fpiracles, is buried; and it 
is faid to happen fometimes, that a perfon accidentally 
treading on it in* that fituation, with naked feet, is thrown 
down by it. I therefore filled a box, 3 2 inches long and 
22 broad, with fand, thoroughly foaked with fait water, 
to the depth of four inches, and placed the torpedo in it, 
intirely covered with the fand, except the upper part of 
its convex furface, and laid one hand on its electrical or¬ 
gans, add the other on the wet fand about 16 inches from 

> , . 1. * 

(a) As weft as >1 tou^iadge, the battery required to be charged about i6or 
ao times as high, to frock, of the fame ftrength when received this way 

as when received in the nfeaL izutnaer With the torpedo out of water. 

it. 
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it. I felt a Ihock, but rather weak; and as well as I could 
judge, as ftrong as if the battery had been charged half 
as high, and the fhock received in the ufual way. 

I next took, two thick pieces of that fort of leather 
which is ufed for the foies of fhoes, about the fize of the 
palm of my hand; and having previoufty prepared them 
by fteeping in fait water for a week, and then prefling 
out as much of the water as would drain off eafily, re¬ 
peated the experiment with thefe leathers placed under 
my hands. The Ihock was weaker than before, and about 
as ftrong as if received in the ufual way with the battery 
charged one-third part as high. As it would have 
been troublefome to have trod on the torpedo and land, 
I chofe this way of trying the experiment. The pieces of 
leather were intended to reprefent fhoes, and in all pro¬ 
bability the ifioes of periods who walk much on the wet 
fand will conduit electricity as well as thefe leathers. I 
think it likely, therefore, that a perfon treading in this 
manner on a torpedo, even with fhoes on, hut more io 
without, may be thrown down, without any extraordi¬ 
nary exertion of the animal’s force, conlidering how 
much,t]ae effect of the ihock would be aided by the fur- 
prize. , 

One of the &fl*e*men that Mr, wa^sh employed 
afliired him, that he always knew when he had a tor¬ 
pedo in his net, by the fhocks he received while the 
fiflxwas at feveral feet diftance; in particular, he faid, 
that hkdrawing in*his nets with one of the largeft ia 
them, h^ .received a ihock when the fiihwas twelve 
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feet diftance, and two or three more before he got it into 
his boat. His boat was afloat in the water, and he drew 
in the nets with both hands. It is likely, that the fifher- 
man might magnify the diftance; but, I think, he may 
fo far be believed, as that he felt the Ihock before the 
torpedo was drawn out of water. This is the moft extra¬ 
ordinary inftance I know of the power of the torpedo; 
but I think feems not incompatible with the fuppofition 
of its being owing to electricity; for there can be little 
doubt, but that fome electricity would pafs through the 
net to the man’s hands, and from thence through his 
body and the bottom of the boat, which in all proba¬ 
bility was thoroughly foaked with water, and perhaps 
leaky, to the Water under the boat: the quantity of elec¬ 
tric fluid, however, taking this circuit, would moft likely 
bear lb fmall a proportion to the whole, that this efiedt 
can not be accounted for, without fuppofing the filh to 
exert at that toe a furprizingly greater force than what 
it ufually does. 

Hitherto, I think, the effects of this artificial torpedo 
agree very well with thofe of the natural one. I now 
proceed to confider the circumftance of the lhock’s not 
being able to pafs through any fenfible fpace oi air. In 
all my experiments on this head, I ufed the firft torpedo, 
or that made of wood; for as it is not neceflary to charge 
to b&ttery more than one-third part as high to give the 
fametock with this as with the other, the experiments 
■were more 'likely fo fbcceed, and the conclufions to be 
drawn from them would be fcarcely lefs convincing: for 

I find 
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I find, that five or fix rows of my battery will give as- 
great a fliock with the leathern torpedo, as one row electri¬ 
fied to the fame degree will with the wooden one; con- 
fequently, if with the wooden torpedo and my whole 
battery, I can give a fliock of a fufiicientffcrength, which 
yet will not pafs through a chain of a given number 
of links, there can be no doubt, but that, if my battery 
was five or fix times as large, I fliould be able to do the 
fame thing with the leathern torpedo. 

I covered a piece of fealing wax on one fide with a flip 
of tinfoil, and holding it in one hand, touched aa electri¬ 
cal organ of the torpedo with the end of it, while m.y 
other hand was applied to the oppofite furface of the 
fame organ. The fliock paffed freely, being conducted 
by the tinfoil; but if I made, with a penknife, as finall a 
reparation in the tinfoil as poflible, fo as to be fore that 
it was adtually feparated, the fliock would not pals* con¬ 
formably to what Mr. walsh obferved of the torpedo. 

I tried the experiment in the fame manner with the 
lane’s ele&rometer defcribed in p. 2.0 2, and found that 
the fliock would not pafs, unlefs the knobs were brought 
fo near together as to require the affiftattce of a magni¬ 
fying glafs to be fure #iat they did not touch. 

I tookachain qf,foaall bra&iwire, and bedding itinone 
hand, let the loweft link lieontheupperfiorfk?eof an elec¬ 
tric organ, while my other hand was applied to the oppo¬ 
fite fiuffce. The event was, that if the link, held in my 
hand, was the fifth or fixth from the bottom, and co^ife- 
quently, that, the ele&rioty had only four or fiyy 
Vol. LXVI. F f ' to 
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to pafs through, befides that in my hand, I received a 
Ihock; fo that the electricity was able to force its way 
thr ough four or five intervals of the links, but not more. 
One gentleman, indeed, found it not to pafs through a 
fingle interval; but in all probability the link which lay 
on the torpedo happened to bear more loofely than ufual 
againft that in-his hand. If inftead of this chain I ufed 
one compofed of thicker wire, the ihock would pafs 
through a great number of links; but I did not count 
how many. It muft be obferved, that the principal re- 
"fiftartce to the pafiirge of the electrical fluid is formed 
hy the intervals of the lower links of the chain; for as 
'the upper-are ftretched by a greater weight, and there¬ 
fore prefled clofer together, they make left refiftance. 
CJonfequently the force required to make the ihock paik 
■through any number of intervals, is not twice as great as. 
Vould be nfeceffary to make k pafs through half the 
nuBtiber. the'fame reafen it pafles eafier through a 

of heavy links than of light ones. 

Whenever the electricity pafled through the chain, a 
Sfraaft light was vifible,-provided the room was quite dark. 
This, however, affords no argument for fuppofing that 
the phenomena of the torpedo are not owing to eleCtri- 
'■city; for its ihock has never been known to pais through 
V dfaaifo or any other interruption in the circuit;; and con- 
it is impofllble that any light fhould have 

' aH s„ the battery was charged to 

fixe fame dtegtee j himeiy,iufchtha£ the ihock was nearly 
* ©f 
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of the fame ftrength as that of the leathern torpedo, and 
which I am inclined to think, from my converfation with 
Mr. walsh, may be conlidered as about the medium 
ftrength of thofe of a real one of the fame fize as this. 
It was nearly equal to that of the plate of crown glafs 
in p. 206. electrified to fuch a degree as to difcharge it- 
felf when the knobs of a lane’s electrometer were at 
,0115 inches diftance; whence aperfon, ufed to electri¬ 
cal experiments, may afcertain. its ftrength. The way I 
tried it was by holding the lane’s electrometer in one 
hand, with the end refting on the upper furface of the 
plate, and touching the lower furface with the other 
hand, while an afliftant charged the plate by its upper 
fide till it difcbarged itfelf through the electrometer 
and my body. There is, however, a very fenfible dif¬ 
ference between the fenfation excited by a finall jar or 
plate of glafs like this, and by a large battery electrified 
fo weakly that the {hock {hall be of the fame ftrength; 
the former being {harper and more difagreeable. Mr. 
walsh took notice of this difference; and faid, that the 
artificial torpedo produced juft the lame fenfation as the 
real one.’ 

As it appeared, that a {hock of this ftrength would 
pais through a few intervals of the'finks, of the chain, I 
jned what a fmaller would do. If the-batterywas charged 
dfijy to a fourth or fifth part of its ufual height, the 
{hock would not pafs through a fingle interval; but then 
it was very weak, even when received through a piece of 
brafs wire, without any link in it. This chaip was quite 
dean and very little tamifhed; the loweft link was larger 

F f s than 
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than the reft, and weighed about eight grains. If I ufed 
a chain of the fame kind, the wire of which, though 
pretty clean, was grown brown by being expofed to the 
air, the ftiock would not pafs through a Angle interval, 
with the battery charged to about one-third or one-half 
its ufual ftrength. 

It appears, that in this refpedt the artificial torpedo 
does not completely imitate the effects of the real one, 
though it approaches near to it; for the Ihock of the for¬ 
mer, when not ftronger than that of the latter frequently 
is, will pals through four or five intervals of the links of 
a "chain; whereas the real torpedo was never known to 
force his through a Angle interval. But, I think, this by 
no means fliews, that the phenomena of the torpedo are 
not produced by eledfcricity; but only that the battery I 
ufed is not large enough. For we may fafely conclude, 
from the experiments mentioned in p, 200* and 202. 
that the greater the battery is, the lefs ipace of air, of 
the fewer links of a chain, will a Ihock of a given ftrength 
pals acrofs. For greater certainty, however, I tried, whe¬ 
ther if the whole battery and a fingle row of it were fuc- 
ceffively charged to fuch a degree, that the Ihock of each 
fhould be of the fame ftrength when received through 
the torpedo in the ufual manner, that of the whole bat¬ 
tery would be unable to pafs through fo many links of a. 
chain as that of a fingle row w. In order to which I made 
the following machine. 

(b) Tie battery, as was before laid, was divided into feven rows, each of 
which could be ufed feparatefy, * 
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gm, fig. 5. is a piece of dry wood; f /, Ee, m r , lj 3 
b by and a a, are pieces of brafs wire fattened to 1 CUIaU. 
turned up at bottom into the form of a hook, on v hich 
is hung a imall brafs chain, as in the figure, fo as to form 
five loops, each loop confifting of fi\ e links; the part g is 
covered with tinfoil, which is made to communicates ith 
the wire a a. If I held this piece of wood in one hand, 
with my thumb on either of the wires f/, E£, See. and 
applied the part g to one furface of an ele&ric organ, 
while with a ipoon, held in the other hand, I touched the 
oppofite furface-, I received a fhock, provided the battery 
was charged high enough, the ele&ricity patting through 
all that part of the chain between a a> and my thumb; lb 
that I could make the fhock pafs through more or fewer 
loops, according to which wire my thumb was placed on; 
but if the charge was too weak to force a pottage through 
the chain, I felt no fhock, as the wood was too dry to 
convey any fenfible quantity of elearicity. The event 
of the experiment was, that if I charged the whole bat¬ 
tery to fuch a degree that the fhock would but juft pafs 
through two loops of the machine, and then charged a 
fingle row to fuch a degree as appeared, on trial, juft fuf- 
ficient to give a fhock of the fame ftrength as the former, 
it patted through all five loops; whether it would have 
patted through more I cannot tell. If, 00 the other hand, 
I gave fuch a charge to the whole battery, and alfo to the 
fingle row, as was juft fufficient to forceapaftage through 
two loops of the chain, the fhock with the whole battery 
was much fbronger than that with the fingle row* 


It 
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It muffc be obferved, that in the foregoing machine, 
each loop coniifted of the fame number of links, and the 
imlcs of each loop were ftretched by the fame weight; 
fo that it required no more force to impel l the eledfticity 
through one loop than another, which was my reafon 
for tiling this machine rather than a plain chain. Con- 
liderable irregularities occurred in trying the above ex¬ 
periments, and indeed all thofe with a chain; for it fre¬ 
quently happened, that the fliock would not pals with 
fhe battery charged to a certain degree, When perhaps a 
minute after, it would pafs with not more than three- 
fourths of the charge. The irregularity, however, was 
not fo great but that, I think, I may be certain of the truth 
of the foregoing fadts; efpecially as the experiments were 
repeated feveral times. The uncertainty was at leaf: as 
great in the experiments with lane’s eledtrometer, when 
&e knobs were brought fo dpfe together, as is necfcifary 
in experiments of this kind. 

* It appears therefore, that if the whole battery, and a 
gngle row of it, are both charged in fuch a degree as to 
give a Ihock of the fame ftrength, the fhock with the 
whole battery will pafs through fewer loops of the chain 
than that with the fingle row; fo that, I think, there can 
be no doubt, but that if the hattery had been largo 

C gh, I lhould have been able to give a Ihock of the 
l ftrength, which yet would not have palfed through 
a lingle interval of the links of a chain. 

On the whole, I think, there feems nothing in the 
phenomena of the ifibrpedo at all incompatible with elec- 
J tricity; 
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tricity; but to make a compleat imitation of them, would 
require a battery much larger than mine, Jfc may be 
afked, where can fuch a battery be placed within the tor¬ 
pedo? I anfwer, perhaps it is not neceffary that there 
fliould be any thing analogous to a battery within it 
The cafe is this; it appears, that the quantity of elearie 
fluid, transferred from one fide of the torpedo to the 
other, muft be extremely great; for otherwife it could 
not give a fliock, confidering that the force with which 
it is impelled is fo finall as not to make it pafs through 
any fenfible Ipace of air. Now if fuch a quantity of 
fluid was to be transferred at once from one fide to the 
other, the force with which it would endeavour to efcape 
would be extremely great, and fiiffident tn make it dart 
through the air to a great difiance, unlefs there was 
ibmething within it analogous fo a very large battery. 
But if We fuppofe, that the fluid is gradually transferred 
through the electrical organs, from one fide to the other* 
at the fame time that it is returning back over the fun- 
face, and through the fobftance, of the reft of the body; 
jfc that the quantity of fluid on either fide is during the 
whole time very little greater or tefs than what is na¬ 
turally contained in it; then it is poflible, that a very- 
great quantity of Sruflinay be transferred from one fide 
to the other, and yet the foi^wrafcfa which h is impelled 
he net fufficient to force it through a fiogl-e interval of 
the finks of a chain. There feems, however, to be room 
tip thfe&fe few a battery of a fiifficafcnt fize; for Mr. hu»- 
tbr has flrewn* that each of the. prifinatical columns of 
« which 
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which the electrical organ is compofed, is divided into a 
great number of partitions by fine membranes, the thick- 
•nefs of each partition being about the 15 oth part of an 
inch; but thethicknefs of the membranes which form 
them is, as he informs me, much lefs. The bulk of the 
two organs together in a fifh 1 o j inches broad, that is of 
the fame fize as the artificial torpedos, feems to be about 
244 cubic inches; and therefore the fum of the areas of 
all the partitions is about 3700 fquare inches. Now 
3700 fquare inches of coated glafs yjo of an inch thick 
will receive as much electricity as 30500 fquare inches 
,055 of an inch thicks; that is, 305 times as much as 
as the plate of crown glafs mentioned in p. 206, or 
about 2f times as much as my battery, fuppofing both 
to be electrified by the fame conductor; and if the glafs 
is five times as thin, which perhaps is not thinner than 
the membranes which form the partitions, it will con¬ 
tain five times as much eleChicity, or near' fourteen times 
as my battery. 

It was found, both by Dr. Williamson and by a com¬ 
mittee appointed by the Philofophical Society of Penfyl- 
vania, that the fhock of the Gymnotus would fometimes 
pafs through a chain, though they never perceived any 
light. I therefore took the fame chain which I ufed in 
the foregoing experiments, confifting of 25 links, and 
fufpended it by its extremities from the extreme hooks 
of the machine defcribed in p. 221, and applying the 
end of the machine to the negative fidenf the battery, 
’ ftfhVidfc-Nbte in p. 206. 

. touched 
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touched the pofitive fide with a piece of metal held in 
the other hand, fo as to receive the Ihock through the 
chain without its paffing through the torpedo; the bat¬ 
tery being charged to fuch a degree that the fhock was 
confiderably ftronger than what I ufually felt in the fore¬ 
going experiments. I found that if the chain was not 
firetched by any additional weight, the fhock did not pafs 
at all: If it was ffcretched by hanging a weight of feven 
pennyweights to the middle link, it palled, and a light 
was vifible between fome of the links; but if fourteen 
pennyweights were hung on, the fhock palled without 
my being able to perceive the leaft light, though the room 
was quite dark; the experiment being tried at night, and 
the candle removed before the battery was difcharged. 
It appears, therefore, that if in the experiments made by 
thefe gentlemen the fhock never pafied, except when the 
chain was fomewhat tenfe, which in all probability was 
the cafe, the circumftance of their not having perceived 
any light is by no means repugnant to the fuppofition. 
that the fhock is produced by electricity. 


Vol, LXVI, 
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XIII. Observations on Refpimtion , and the Ufe of the Mood. 
By Jofeph Prieftley, LL.D. F. R. S* 


E. Jan. a^^T'HERE is, perhaps, no fubjedt in phyliotogy, 
I77& * X and very few in philofophy in general, that 
has engaged more attention than that of the ufe of refpi- 
ration . It is evident, that without breathing moft animals 
would prefently die; and it is alfo well known, that the 
lame air will not long anfwer the purpofe: for if it has 
been frequently refpired,'the breathing of it is as fatal as 
the total deprivation of air.. But by what property it is, 
that air contributesto the fupport of animal life; and why- 
air that has been much breathed will no more anfwer 
the purpofe, feems not to have been difcovered by any of 
die many philofophers and'phylicians who. have pro- 
feffedly written upon the fubjedt; and it might have con- 
tinned to elude all dir eft investigation, wfren it difcovered 
itfejtf, without any trouble or thought, in the courfe of, 
x&f riedrufefe'ifitO the properties of different'kinds of 
air, whidH&M^tfafbquite another objedfr, 

Inthefe expeiMfeiitsitdearly appeared, that refpiration 
fyvkpkhgiltici procefs, aflfedting air in the very fame manner 
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as every other phlogiftic procefs (viz, putrefaction, the 
effervefcence of iron-filings andbrimftone,orthe calcina¬ 
tion of metal s, &c.) affeCts it; diminifliing the quantity of it 
in a certain proportion, leffening its fpecific gravity, and 
rendering it unfit for refpiration or inflammation, but 
leaving it in a ftate capable of being reftored to a tolerable 
degree of purity by agitation in water, 8cc. Having dif- 
covered this,I concluded, as maybe feen Phil.Tranf.vol. 
LXII.p. 187.and Qbfervations upon Air, vol.I.p. 78.277, 
that the ufe of the lungs is to carry off a putrid effluvium, 
or to difcharge that phlogifton, which had been taken 
into the fyftem with the aliment, and was become, as it 
were, effete \ theair that is refpired ferving as a menfruum 
for that purpofe. 

WhatXthen concluded to be the ufeof refpirationinge* 
neral, X have now, I think, proved to be effected by means 
of the blood , in confequence of its coming fo nearly into 
contact with the air in the lungs; the blood appearing to 
be a fluid wonderfully formed to imbibe, and part with, 
that principle which the chemifts call phlogifton, and 
changing its colour in confequence of being charged with 
it, or being freed from it; -and affecting air in the very 
fame maiiner, bothnut of the body and in the lungs; and 
even notwithftanding the interpofition of various fub* 
ftances, which prevent its coming into immediate con- 
tad with the air. 

AS 1 it ’ may not be unpleaftpg or unufeful, I Ihafl, 
before I relate my own experiments, briefly recite the 
principal of the opinions which have been hfld con- 

Gg 2 , ceming 
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cerning the ufe of refpiration, from haller’s excellent 
Syjiem of Pbyfiology, and fome others of the moft eminent 

writers upon thatfubjedf. ( 

Hippocrates reckoned air among the aliments of the 
hotly* But it was more generally the opinion of the an¬ 
cients,.that, there being a kind of vital fire kept up in the: 
heart, the heat of the blood was tempered in the lungs.. 
^ALEN-alfo fuppofed, that there was fomething equiva¬ 
lent to a fire, conftantly kept up in the heart; and that, 
the chief ufe of the lungs was to carry off fuch vapours: 
as were equivalent to finoke thrown off from that fire. 
3j aller, vol. III. p. 35 4. cartesius maintained the 
fame vital fire m the heart,, fuppofing that ' air was ne- 


- ceffary for cooling and condenfing the blood. Jbidip. 343-.. 

Of the more modern phyfiologifts, fome have thought: 
that the air itfelf is taken into the lungs; others, that it is 
only fomething e^tr a£fced ffotn tfee &sfhe more fubtle 

Juppoie it taheaii itfelf, Biit diflblved'iri water, and*. 

therefore in an unelafoc ftate,/^«/. p.. 31a r. . 

. thibkfhafaif'is takerfinfo* tfier 

hibojf: %$§$£' k% w fal&h 'ill- bf the lungs, ibid. p.. 


330. Some fuppofe, that the: effe£t of the admiflion 
of this ah into thd blood is a ferrnentaticmj P* ; #3av 
fuppofe,, that-it a$S by iti’ J^in^p^dnting. 
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merits in the food to this air, p. 336.; and stevenson 
thought, that the air which had circulated in the blood, 
and which had heated the blood too much, was exhaled 
by the lungs, p. 355. 

Others fay, that the air itfelf is not admitted into the 
blood, but only fome aCtive, fpirituous, and ethereal par¬ 
ticles; that this vital fpirit paffes from the lungs to the 
heart and arteries, and at length becomes the animal fpi- 
rits, which are by this means generated from the air, p. 
333. Others, who do not admit that the animal fpirits 
are derived from the air, ftill fay that fome other vital 
principle comes from thence. This vital principle mal- 
pighius fuppofes to be a faline vapour; lister, a hot, 
inflammable,fuiphureous fpirit; vieussenius, a volatile 
acid fait, which keeps up the fermentation of the blood; 
and BRYAN ROBINSON, the aerial acid, which prefervds the 
blood from putrefaction; preferves alfo its denfity, and 
ftrengthens the animal fibres. For this reafonhe fup¬ 
pofes it is that we feel ourfelves refreflied in cold air, as 
it abounds with a more plentiful acid quality, p. 3 34. 
They who fuppole that nitre is taken from the air into 
the blood* afcribe to that principle its fermentation, its 

heat, and its denfity, p. 334. 

It is a received opinion, .that one ufe of the lungs is to 
attenuate the blood, p. 35 9 > malpighius adds, 

that by this means, the different; p^ipjes of tile blood 
become thoroughly mixed tog^her f ; while others think 
thatthe bipod i$ condenfedin-the lungs; and others, th^t- 
, the globules, and all the .finer humours, receive their con- • 
figuration there, ibid. Some, without confidering the 
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air as of any other ufe than to put the lungs in motion, 
think, that heat is produced in the lungs by the attrition 
of the blood in palling through them .Mifc. 1 ’aurin. vol. 
V. p. 36. The red colour of the blood has been thought 
by fome to be caufed by this attrition in the lungs; but 
lower refuted this notion, chiefly by obferving, that the 
attrition of the blood is greater in the mufcles, from 
which, however, it always returns black, Ibid, vol. I. p. 7 4* 

Dr. whytt thought there was fomething of a vital 
and Simulating nature derived from the air into the 
blood, by means of which it made the heart to contract, 
HALLER, vol. III. p. 33 ^* 

boerhaave fays, that air not changed is deadly; not 
on account of heat, rarefaction, or denfity, but for fome 
.other occult caufe. Mifc . I’ciurin. vol. V. p. 30. 

Dr. HALES, who has thrown much more light upon 
the doarine of air than all his predeceflors, was equally 
ignorant of the ufe of it in refpiration; and at, different 
times feems to have adopted different opinions’concern¬ 
ing it. 

In his Statical vo1 ' H. p. $ 21. he fuppofes, that 

air is rendered ajcaline by breathing, and corrected, in 
fome meafure, by the fumes of vinegar. 

In agreement, as he obferves, with boerh AAy 4 jhe f^ys, 
p. 1 0O . that the blood acquires its warmth chiefly, in the 
lungs^here it moves with much greater rapidity than in 
ant oth^j®*tihary veflels of the body, vol. II. p. 87; 
but that “one Jlfepfthe aijTs to cool the blood, p. 94; and 
he makes an eftunate of th^ degree of this refrigeration. 
The red colour of the globules of blood, he fays, p. 8 8, 

intimates 
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intimates their abounding with fulphur, which makes 
them more fufceptible and retentive of heat than thofe 
bodies which have lefs of it. 

He alfo fuppofes, p- x o 2, that another great uft of the 
lungs is to attenuate and feparate the globules of blood; 
and that the floridnefs of the arterial blood above the ve¬ 
nal may, in a good meafure, be owing to the ftrong agita¬ 
tion, fridtion, and. comminution, which it undergoes in 
pafling through them. In like manner, in an experiment 
which he made for the purpofe, blood much agitated in a 
clofe glafs vefTel was obferved to be very florid, not only 
on its furface, but through its whole fubftance, as arterial 
blood is, vol. II. p. 1 o 2. I would obferve, however, that 
in this expement, the blood muft have acquired its florid 
colour from the air with which it was agitated. 

He adds, that it is probable, that the blood may, in the 
lungs, receive fome other important influence from the 
air, which is in fuch great quantities infpired into them. 
In other places, however, he explodes the do&rine of a 
vivifying Spirit in the air. It has long, he fays, been the 
fubjedt of inquiry to many, to find of what ufe it is in 
refpiration; which, though it'may in fome refpe&s be 
known, yet it mtlft be confeffed, that, we are ftill much* 
in the dark about it, vol. II. pifoiz. 

Suffocation, he fays, vol. II. p. 271'i ddnfifts chiefly in 
the Sfaliing'flat of 1 the lungs, occaflohed by the groflhefs. 
oflhe ( ^afticles of a thick noxiouk air, they being, in that 
floatin Jflafe, mofteafily attracted by each other, asweflnd. 
that fulphur,' and the elaftic repelling particles of airfare;. 
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.and confequently unelaftic, fulph ureous, falinc, and other 
floating particles, will moft eaflly coalefce, whereby they 
are rendered too grofs to enter the minute vefides, which 
are alfb much contracted, as well by the lofs of the elasti¬ 
city of the confined air, as by the contraction occafioncd by 
the Stimulating acid fulphureous vapours. And hence it 
is not improbable, that one great defign of nature in the 
Structure of this important and wonderful vt/cus, was to 
frame the veficles fo very minute, thereby effectually to 
hinder the ingrefs of grofs, feculent particles, which 
might be injurious to the animal economy. 

Laflly, he concludes, that the effeCt of refpiration is to 
abate, and in part deftroy, the elasticity of the air; and as 
this was effected by fuphureous vapours, and he could 
breathe for a longer time air that had paffed through 
cloaths dipped in a folution of fait of tartar, he con¬ 
cluded, that the air had been mended by the tartar hav¬ 
ing Strongly imbibed the fulphureous, acid, and watery 
vapours, vol. I. p. 267. 

haller, after reciting the opinions of all that had 
gone before him, fuppofes, with Dr. hales, that, in con- 
fequence of the air lofing its fpring in the lungs, they 
cannot be kept dilated; and therefore, they muftcollapfe, 
and the circulation of the blood be impeded, vol. III. p. 
358. When he States his opinion concerning the ufe of 
the lungs more fully, he fays, that the true ufe of 
them is partly inhaling, and partly exhaling, p. 351. 
That the lungs inhale both water and air; but that in the 
lungs the air lofes its elaitic property, fo as to be eafily 
Soluble in water or vapour, p. 353.: arid he thinks it 

probable, 
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probable, that this air ferves as a cement to bind the 
earthy parts together. He alfo makes no doubt, but that 
various other matters, mifcible with water, are inhaled 
by the lungs; and he even thinks it not improbable, that 
the air may carry fome electric virtue along with it. The 
principal exhalation of the lungs, he thinks, to be water, 
abounding with oily, volatile, and faline principles; and 
thefe oily and fetid vapours, he thinks, to be th tfuligines 
of galen and other ancients, p. 354. 

Mr. cigna of Turin, has given much attention to this 
curious fubjedt, as appears by two Memoirs of his; one 
in the firft volume of the Mifcellanea ftaurinenjia , in which 
he very well accounts for the florid red colour of the 
blood; and the other, which is a much more elaborate 
Memoir, intitled, DeRefpiratione > in the fifth volume of the 
fame work, juft publifhed, or about to be publiflied, the 
copy of the article having been fent to me by the author. 

He takes it for granted, that air which has once been 
breathed is unfit for farther refpiration, on no other ac¬ 
count than its being loaded with noxious vapours , which 
difcover themfelves by a fetid fmell. Mifc. Taurin. vol. 
V. p. 30. And he takes it for granted, that the elafticity 
of air is diminifhed by refpiration, though h$ does not 
confider that diminution of elafticity as the caufe of its 
noxious quality. He therefore concludes, that air which 
has been breathed, fuffocates by means of the irritation 
which iti occafions to the lungs, by which the bronchia, 
and the lungs themfelves, are contracted, fo as to refift the 
entrance of the air; and therefore, that refpired air is 
Vol. LXVI. Hh noxious 
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noxious on the fame account as mephitic vapours, or thofe 
of burning brimftone, p. 31; that, in frequently breath¬ 
ing the fame air, it becomes fo loaded with thefe vapours, 
as to excite a convulfion in the lungs, and thereby render 
them unfit for tranfmitting the blood, p. 42.. 

This philofopher fuppofes that air enters the pores of 
the blood, retaining its elaftic power, p. 50. and that it 
co ntinu es at reft there, becaufe its endeavour to efcape is 
counteracted by the equal preflure of the ambient me* 
dium, p. 52. This air, he fuppofes to be introduced into 
the blood by the chyle, and never by the way of the 
lungs, except when, by fome means or other, the equili¬ 
brium between the air in the blood and the external air 
is loft, p. 5 7. If the external air be rarer than the inter¬ 
nal, the air in the blood, expanding itfelf, will inflate the 
animal, and have the fame effeCt as air introduced into 
the veins. 

What we are chiefly indebted to M. cigna for, is his 
dedflve experiments with refpeCt to the florid colour of 
the blood, which he clearly proves to be caufed by the 
contaCt of air^ though he afterwards feems willing to de- 
fert that hypothefis. It was often imagined, that the 
reafbn why the lower part of a quantity of blood was 
black, while the furface was red, was, that the black par¬ 
ticles, being heavier than the reft, fubfided to the bot¬ 
tom; but this opinion our author clearly refutes. He 
found, that when he put a little oil upon a quantity of 
blood, it remained black throughout; but that when he 
took away the red part, and expofed to the air the lower 
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laming which were black, they alfo became fuccefiively 
red, till the whole mafs acquired that colour, Mifc. *tau- 
rin. vol. I. p. 7 3. Alfo, at the requeft of M. cigna, Fa¬ 
ther beccarxa tried what would be the effedt of expoling 
blood in vacuo ; and he found, that in thofe circum- 
ftances, it always continued black; but that, by expoling 
it again to the air, it became red, p. 68.- 

M. cigna concludes his firft differtation with obferving, 
that it is not eafyto fay how it comes topafs,that the lower 
part of a mafs of blood becomes black, whether by the air 
which it ,had imbibed efcaping from it, or by its depos¬ 
ing fomething faline, necelfary to contribute to its red- 
nefs, or by the preflure of the atmolphere; but he in¬ 
clines to think, that air mixed with blood, and interpofed 
between the globules, preserves its rednefs: but that by 
concreting it is expelled from it, or becomes fo fixed as 
to be incapable of making it red. This opinion, he 
thinks, is rendered in fome meafure probable, by the in- 
creafed denfity of concreted blood, and by the emifiidn 
of air from other fluids in a concrefcent ftate, p. 74. 

- Notwithftanding what he had advanced in his firft 
Memoir, yet inthefecond, which was written feveral years 
after it, he doubts whether the change of colour in the 
blood takes place in the lungs; but if it does, he inclines 
to afcribe this effedt to the evaporation from the blood 
in the lungs: and though he always found, that the co¬ 
lour of the blood was changed by the contact of air,, yet 
when he confidered that evaporationmuft, ashe thought, 
neceflarily attend the contadtof air, he imagined, that this 

H h a effedt 
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effect might equally be attributed to this circumftance. 
But he acknowledges, that this hypothecs ought not to 
be received till it be confirmed by experiments, Mifc. 
faurin. vol. V. p. 61. 

Upon the whole, he concludes, that the principal ufe of 
air to the bhod y is to preferve the equilibrium with the ex¬ 
ternal air, and to prevent the veffeis from being rendered 
unfit to tranfmit the blood, on account of the external 
preffure; w T hereas, by means of the air they contain, the 
fluids move in their proper veflels as freely as in vacuo , 
and the membranes and vifeera alfo eafily Aide qver each 
other, p. 63. And with refpedt to the ufe of the lungs, 
fince he imagined that air is not introduced into the blood 
by means of them, he thinks, that becaufe ftich lungs as 
thofe of man are given to the warmer animals only, the 
chief ufe of refpiration is exhalation, and confequently 
the cooling of the blood, p. 65. 

The laft writer whom I fhall quote upon this fubjedt, 
is the late ingenious Mr. hews on ; who fays, in his Ex¬ 
perimental Inquiry into the Properties of Blood , p. 9. 
<£ As the colour of the blood is changed by air out of the 
u body, it is prefumed, that the air in the lungs is the 
“ immediate caufe of the fame change in the body.” 
That this change is really produced in the lungs, lie is 
peifuaded, he fays, from experiments, in which he dif- 
tindtly few the blood of a more florid red in the left au¬ 
ricle of the heart than it was in the right; but how this 
effedt is produced,* he fays, is not yet determined. 


Since 
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Since fome of the neutral falts, and particularly 
nitre, has a limilar effedt on the colour of the blood; 
fome, fays he, attribute this difference to the nitre ab- 
forbetl from the air, while in the lungs. But this, he 
adds, is a mere hypothefis, for air contains no nitre, 
and moft of the neutral falts produce the fame effedt in 
fome degree. 

Since, however, a folution of nitre does produce this 
effedt upon blood, inftantly making the very blacked: ot 
it of a beautiful florid red, though this effedt is not pe¬ 
culiar to nitre (for a folution of common fait does nearly 
the fame* thing) I own I am inclined to afcribe this effedt 
to the air; efpecially fmce I have proved, as I apprehend, 
that atmofpherical air confifts of earth and fpirit of nitre.. 
Poflibly, therefore, the air we breathe may be fo far de- 
compofed, as to communicate fomething of nitre to the 
blood, in its paflage through the lungs. 

After this review of the obfervations and opinions of 
others on this important queftion in phyfiology, I fhall 
proceed to recite my own* It may appear fomething ex¬ 
traordinary, thatamongfuch a variety of opinions concern¬ 
ing the ufe of refpiration, the right one fhould never have 
been fo much as conjedture'd, though unfiipported by the 
proper proof. But indeed, this animal fundtion, and the 
phlogiftic procefles in chemiftry, efpecially that of the 
calcination of metals, which is, perhaps, the moft Ample 
of them, are to appearance very different things; and 
therefore,,it is the lefs to be wondered, that no perfon 

fHould c . 
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fhould have imagined, they would produce the fame 
<eff e & on the air in which they were performed. 

That refpiration, however, is, in reality,a true phlogiftic 
procefs, cannot, I think, admit of a doubt, after its being 
found, that the air which has ferved for this purpofe is 
left in predfely the fame ftate as that which has been ex- 
pofed to any other phlogiftic procefs. And fince all the 
blood* in the body pafies through the lungs, and, accord¬ 
ing to Mr. hews on’s obfervations and others, the re¬ 
markable change between the colour of the venal and 
arterial blood takes place there, it can hardly be doubted, 
that it is by mpans of the blood that the air becomes 
phlogifticated in palling through the lungs; and there¬ 
fore, that one great ufe of the blood mull be to difcharge 
the phlogifton with which the animal fyftem abounds, 
imbibing it in the courfe of its circulation, and imparting 
it to the air, with which it is nearly brought into contad, 
in the lungs; the air thus ading as the great menftruum 
for this purpofe. 

Though I had ho doubt concerning this conclusion 
from my former experiments, I thought fo great a pro¬ 
blem deferred as much illuftration as could be given to it; 
and therefore I was willing to try, whether the blood was 
of fuch a nature, as to retain any of this power of affed- 
ing air when congealed, and out of the body, that it has 
when it is fluid, and in the body; and the experiments 
have fully anfwered my expedations. 

Having taken the blood of a Iheep, and let it Hand till 
it was coagulated, and the ferum was feparated from it 
(after which the furface, being expofed to the common 
1 ‘ air. 
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air, is well known to affume a florid red colour, while the 
infide is of a much darker red, bordering upon black) I 
introduced pieces of the craffamentum, contained in nets 
of open gauze, or of wire,fometimes through water, and 
fometimes through quickfilver,into different kinds of air, 
and always found that the blackeft parts affumed a floiid 
red colour in common air, and more efpecially in de- 
phlogifticated air, which is purer and more fit for refpi- 
ration than common air (and accordingly the blood al¬ 
ways acquired a more florid colour, and the change was 
produced inlefs timeinthis than in common air) whereas 
the brighteft red blood became prefently black in any 
kind of air that was unfit for refpiration, as in fixed air,, 
inflammable air, nitrous air, or phlogifticated air; and 
after becoming black in the laft of thefe kinds of air, it 
regained its red colour upon being again expofed to com¬ 
mon air, or dephlogifticated air; the fame pieces becom¬ 
ing alternately black and red, by being transferred from 
phlogifticated to dephlogifticated air; and vice verjd . 

In thefe experiments the blood muft have parted with 
its phlogifton to the common air, or dephlogifticated air, 
and have imbibed it, and have become faturated with it,, 
when expofed to phlogifticated, nitrous, inflammable, or 
fixed air. The only difficulty is with refpeft to the fixed 
air; for all the other kinds certainly contain phlogifton.. 
But, as I have obferved in the account of my experi¬ 
ments on vitriolic acid air, phlogifton feems to be necef- 
fary to the conftitution of every kind of air; and befides,. 
the blacknefs of the blood may arife from other caufes> 

than 
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than its acquiring phlogifton. gaber, for inftance, ob- 
ferves, that blood becomes black when it begins to pu- 
trify, as it does alfo whenever it is dried and hardened 
near the fire. Father beccaria alfo found, as I have ob- 
lerved, that red blood continued (and he could hardly fail 
to obferve alfo, that it became ) black in vacuo, where it 
could not have imbibed phlogifton. This I found to be 
the cafe when the blood was covered two inches and a 
half with ferum; but it regained its florid colour when 
it was expofed to the open air. 

In general, however, it cannot be expected, that when 
Hood has become black without having received phlo¬ 
gifton ab extra , it will recover its florid colour by being 
expofed to the air. For the delicacy of its texture, and 
confequently its capacity of being eafily aftefted by phlo¬ 
gifton, may be eflentially altered by internal caufes of 
blacknefs. This is even the cafe when blood has become 
Hack, by being tekpdfed* to nitrous arid inflammable air, 
though this change ii probably effected by Its imbibing 
phlogifton. 

I expofed pieces of the fame mafs of red blood to thefe 
two kinds of air, and alfo to fixed air at the fame time. 
They all became black; but that which was in the in¬ 
flammable air was the leaft fo, and none of them reco¬ 
vered their florid colour in the open air. But at another 
tinse^ a piece of craflamentum, which had become black 
in fiiod'kh, did, in fome meafure, and very flowly, reco¬ 
ver its floiM 'colour in dephlogifticated air. Perhaps 
the pieces that had loft their colour in the nitrous and 

inflam- 
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inflammable air might have recovered it by means of this 
more powerful menftruum. 

Since, however, blood, after becoming black in phlo- 
gifticated air, is always capable of refuming its red co¬ 
lour on being again expofed to pure air, it may be con¬ 
cluded, that the preceding blacknefs, difcharged in the 
pure air, and producing the conftant effedt of phlogifton, 
in depraving the air, was owing to the phlogifton it had 
imbibed in the former fituation, and which it parted with 
in the latter. And this is remarkably the cafe when 
blood is transferred from phlogifticated into dephlogifti- 
cated air. fiven the circumftance of the deeper colour is 
fufficient to give a chemift a fufpicion that it contains 
more phlogifton than blood of a lighter colour. 

When I had found how readily pieces of blood changed 
their colour, according to the quality of the air to which 
they were expofed, I proceeded to examine the ftate of 
that air, in order to obferve what change had taken place 
in it; and as dephlogifticated air admits of a more fenli- 
ble change of quality tkan common air, I gave it the pre¬ 
ference in this experiment; putting a piece of crafla- 
mentum, about the bignefs of a walnut, into the quantity 
of about five ounce meafures of this air. 

This procefs I continued for the fpace of twenty-four 
hours, changing the blood about ten or twelve times; 
after which I found the air fo far depraved, that whereas, 
at the begi nni ng of the experiment, one meafure of it and 
two of nitrous air occupied the fpace of no more than 
half a meafure, the fame mixtures afterwards occupied 
Vol. LXVI. I i ' the 
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<e {pace of a meafure and a half. Now fince air is uni- 
v:nally depraved by phlogifton, and in this fenfe, X be- 
Lcve, by nothing elfe, it is evident, that this black blood 
ni uft have communicated phlogifton to the air; and con- 
ibquently its change of colour from black to a florid red 
muft have been occafioned by the reparation of phlo¬ 
gifton from it. 

The next day, when, of courfe, the blood was nearer 
to a ftate of putrefaction, in which every kind of fub- 
ftanee, without exception, will injure refpirable air, I put 
a quantity of red blood, tinged in a few places with black, 
which I could not eafily feparate from it, to about the fame 
quantity of the fame dephlogifticated air, and fuffered it 
to ftand, without changing, for the fame fpace of time; 
when it was fo little injured, that the meafures abovemen- 
tioned occupied the fpace of only two-thirds of a meafure. 

That blood has a power of taking phlogifton frpm 
aji;, ap well as imparting phlogifton to air, I fatisfied my- 
felf by expofing blood of a very beautiful florid colour 
'to nitrous air, inflammable air, find phlogifticated air. 
The two firft mentioned kinds of air were confiderably 
diminifhed by the procefs, which was continued two 
days, during which time the blood had been changed 
five or fix times. 

The nitrous air, by this means, loft a great proportion 
of its |pwer of diminifhing, that is, phlogifticating, 
oommpn aijr. For now two meafures of common air apd 
cne of this occupied the fpace of 2f, inftead of if meat 
fures. The inflammable air, though ftill inflammable, 
2 was 



Refplration , and the VJe of the Blood. £43 

was rendered in fome degree wholefome by the procefs; 
being, after this, confiderably diminiftied by nitrous air, 
which is a ftate to which it is brought by agitation in 
water, and which, continued longer, deprives it of its in-' 
flammability likewife. It cannot be doubted, therefore, 
but that, in both thefe cafes, the red blood, by becoming 
black, received phlogifton from thefe two kinds of air. 

With refpedl to the phlogifticated air, I only obferved 
that, after a few hours expofure to the red blood, it was 
fenfibly, but not much, diminiftied by nitrous air, which 
otherwife it would not have been in the leaft degree. 
This blood, however, was of the lighteft colour; that is, 
according to my hypothelis, the moil free from phlo¬ 
gifton, of any that I have ever feen; and I have tried the 
fame thing, without fuccefs, with blood of a lefs florid 
colour, though as florid as the common air could make it. 
Butitlhould be confidered, that the proper function of the 
blood is not to receive phlogifton from air, not meeting 
with any phlogifticated air in the courfe of its circula¬ 
tion, but to communicate phlogifton to air; and there¬ 
fore, there is by no means the fame reafon to expert, that 
air Will be mended by red blood, as that it will be injured 
by black blood. 

It may be objected to this hypothefis, concerning the 
ufe of the blood, that it never comes into adufl coh'tacft 
Wlfli the'air in the lungs, but is feparated from it, though 
as hal£s ftates it, at the diftance of no more than a 
thoiWft&th part of an inch. The red globules alfo fwim 

Ira in 
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in a large quantity of ferum, which is a fluid of a quite 
different nature. 

In order to afcertain the effect of thefe circumftances, 
I took a large quantity of black blood, and put it into a 
bladder moiftened with a little ferum, and tying it very 
clofe, hung it in a free expofure to the air, though in a 
quiefcent ftate; and the next day I found, upon exami¬ 
nation, that all the lower furface of the blood, which had 
been feparated from the common air by the intervention 
of the bladder (which is an animal membrane, iimilar to 
that which conftkutes the veficles of the lungs, and is at 
lealt as thick) and likewife a little ferum, had acquired a 
coating of a florid red colour, and as thick, I believe, as 
it would have acquired, if it had been immediately ex- 
pofed to the open air; fo that this membrane had been no 
impediment to the a&ion of the air upon the blood. In 
this cafe it is evident to obferve, that the change of co¬ 
lour could not be owing to evaporation , as Mr. cigna con¬ 
jectures. This experiment I repeated, without previoufly 
moiftening the bladder, and with the very fame refult. 

I obferved alfo, that when I cut out a piece of the 
craifamentum, and left the remainder in the veflel 
with th z ferum, not only that part of the furface which 
was expofed to the air, but that which was furrounded 
with ferum , and even covered with it to the depth of fe» 
vestal inches, acquired the florid colour;, fo that this deep 
covering of ferum, which muft have effectually prevented 
all evaporation, was no more an impediment to the mu¬ 
tual aCtion of the blood and the air, than the bladder had 

been. 
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been. The ferum of the blood, therefore, appears to be 
as wonderfully adapted to anfwer its purpofe, of a vehicle 
for the red globules, as the red globules themfelves; for 
the flighted: covering of water, or faliva , effectually pre** 
vents the blood from acquiring its florid colour; and Mr. 
cigna found that this was the cafe when it was covered 
with oil. 

That it is really the air, aCting through the ferum, and 
not the ferum itfelf, that gives the florid colour to the blood,, 
is clearly afcertained by the following experiment. 1 
took two equal portions of black blood, and put them 
into equal cups, containing equal quantities of ferum, 
which covered them to the depth of half an inch. One 
of thefe cups ftanding in the open air, and the other being 
placed under an exhaufted receiver, the former prefently 
acquired a florid colour, while the other continued twelve 
hours as black as at firft. Being taken out of the receiver, 
it flood all night in the open air without becoming red,, 
and continued black ever after, even when the ferum was 
poured off. 

I alfo more completely fatisfied myfelf of the influence- 
of the air upon the blood, through a body of ferum, by 
the reverfe, of this experiment. For I found that red 
blood became black through the depth of two inches of 
ferum, when the veffel containing it was expofed to 
phjogiftkated air; fo that the red globules of the blood 
both' (Deceive, and part with phlogiflon by means of the. 
air, notwithftanding the interpofition of a large body of 
the fluiMhfthieh they naturally float. ' 

Except 
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Except ifcrum, milk is the only animal fluid that I have 
tried, through which the air can ad upon blood: for 
black blood became red when it was plunged in milk, in 
the fame manner as if it had been covered with ferum. In 
urine, indeed, black blood becomes inftantly red; but 
this is not owing to the adion of the air, through the 
urine, but to the faline nature of that fluid. 

In fome cafes, care muft be taken to diftinguifli the 
floridnefs with which fome detached parts of a quantity 
-of blood are tinged, from that which penetrate? the folid 
parts of it. In faliva, and in water impregnated with 
■alkaline fait, fixed or volatile, and alfo in fpirit of wine, 
the extreme angles and edges of pieces of craffamentum 
and fmall detached parts, floating in thofe liquors, will 
appear of a very florid red, while the compad mafs of 
blood continues dark. The florid colour of the promi¬ 
nent and detached parts, in thefe cafes, feeras to be the 
mere effed of the minute divifion'of the parts of the 
crafiamentum in the fluid in which thofe.parts float; 
when at the fame time it has no fuch effed on thofe 
parts which remain compad, nor has the air the leaf! 
power of ading on the blood through the liquor. 

I had imagined, that fince black blood contains more 
phlogifton than red blood, that difference would have 
appeared in the air produced from them, either by being 
Amply diffolved in fpirit of nitre, or when dried and 
made into a pafte with that acid. But the difference was 
too fmall to be fenfible to this kind of teff. For this 
purpofe,however, I had fome blood drawn from the vein 

of 
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of a {keep, and alfo took fome that came firft after killing 
it, as the butchers ufually do, by dividing the carotid ar¬ 
tery; but though I diffolved the black part of the for¬ 
mer, and the red part of the latter, in equal quantities of 
the fame fpirit of nitre, I found no fenfible difference in 
the air that they yielded. The air that I got from them 
when dried, and made into a pafte with fpirit of nitre, 
was like wife equally indiftinguifhable. The quantity of 
air from this procefs was very great, and was produced 
irregularly, as I have obferved it to have been when pro¬ 
duced by a folution in fpirit of nitre without drying. 
Obfervations on Air , vol. II. p. 15 5. Half of this pro¬ 
duce was fixed air, and the reft phlogifticated, except that 
a candle burned in it with a lambent blue flame. It i& 
evident, however, from this experiment, that even the 
moffc florid blood contains a confiderable quantity of 
phlogifton; for, other wife, this air would have been de- 
phlogifticated. 

I would conclude this paper with obferving, that I 
have found a very great difference in the conftitution of 
blood with refpeft to its property of being affe&ed by the 
influence of the air; fome becoming very foon of a light 
florid colour, and the fratum of this colour foon grow¬ 
ing very thick; whereas, in other cafes, the colour of 
the blood, in the moffc favourable circumffcances, has con¬ 
tinued much darker, and the lighter colour has never 

penetrated very far. „ , 

As the principal ufe of the blood feems to be it£j power 
of receiving and difcharging phlogifton, and the degree 



248 D/*. Priestley’s Obferwtions on 

in which it poffeffes this power is eafily afcertained by 
the eye, it might not, perhaps, be unworthy of being par¬ 
ticularly attended to by phyficians. To eftimate the 
goodnefs of blood, according to this criterion, nothing is 
requifite but to obferve the lightnefs of the colour, and 
the depth of the light-coloured firaium^ after it has been 
expofed to the air for a given time. In cafes in which 
the blood is unufually black, and but little affefted by 
common air, it ihould feem, that breathing a purer air 
might be preferibed with advantage. 

In general, the blood that I have been able to procure 
in the city has not been fo good as that which I have got 
in the country; owing, perhaps, to the cattle having been 
much driven, and heated before they were killed. 


XIV. An 
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XIV. Experiments on Water obtained from tfie melted Ice 
of Sea-Water , to afcertain whether it be frejh or not ; 
and to determine its fpecific Gravity with refpeB to other 
Water. Alfo experiments to find the Degree of Cold in 
which Sea-Water begins to freeze. By Mr. Edward 
Nairne. Addrejfed to Sir John Pringle, Bart. P. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 


Hampftead, 

SIR, ieb. 1, 1776. 

R. Feb. i,|t having been fuggefted, in a converfation at 
l7?6 ‘ X which I was prefent, that the ice of fea-water 
is not ffefli; and that if the ice found near the poles be 
really fo, it muft probably be the ice of frelh water dif- 
charged into the fea from large rivers in thofe parts: I 
thought the prefent cold weather afforded an opportunity 
too favourable to be loft, of afeertaining by experiment, 
whether the water obtained from the melted ice of fea- 
water be free from the tafte of fait or not; of comparing 
its gravity with that of the fea-water, &c.; and of find¬ 
ing the degree of cold in which the latter begins to 
freeze: and I beg leave to lay before you an account of 
my refearches in thefe matters, and of the methods I fol¬ 
lowed in making them. If you, sir, Ihould think them 
worthy of notice, and would communicate them to the 
learned body over which you prefide, you would confer 
an honour on, &c, 

Vol. LXVI. K k 
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THE fea-water ufed in the following experiments was 
fumifhed by Mr. owen, who keeps the Mineral Water 
Warehoufe, at Temple Bar; who allured me, that it was 
taken rip off the North Foreland. 

On the 27th of January, 1766, at ten o’clock in the 
evening, I filled ajar 3^ inches in diameter and 64 inches 
deep, with fea-water, and expofed it to the open air, the 
thermometer Handing at 15 0 . At noon the nest day, on 
taking it in, I found it frozen very hard, except a very 
little at the bottom, which remained quite fluid: I now 
fet it by a ftove in a heat of 56° to thaw. The ice 
when taken in from the open air was one quarter of 
ati inch above the edge of the jar. When the jar had 
continued in the degree of heat abovehientioned dining 
eight hours, I took out the ice, which was then 3! inches 
long and two inches in diameter; about two-thirds of 
the water appeared to remain. In order to clear the ioe 
horn any brine that might adhere to it, I wafhed it in a 
pail of pump water, in which it Was fuffered to remain 
about a quarter of an hour, and then fet it in a fieve to 
drain off the water in which it had been walked* 

On the 29th of January, 1776, I fet the befouemen- 
tioned ice in a bafin in a heat of about 46°, in which it 
continued nine hours before the whole was diflblved» 
The bulb of a thermometer refted on the ice during the 
time of the folution, and continued without variation at 
water thus obtained was* to my palate, per-" 
fe&ly free from any tafte of fait. 

In 
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In order to afcertain the comparative gravity of this 
Water, I filled a bottle with it to a certain mark in its neck, 
which was very narrow, and weighed the bottle fo filled 
very carefully. I weighed the fame bottle, filled to the 
fame mark in its neck with fea-water and other waters 
fucceflively, which were all brought to the fame degree 
of heat by a thermometer. The refults were as follow; 
videlicet) 

Grains. 

Water obtained from the melted ice of the fea i ^ 
water, J 

Diflilled rain water, 161 a 

Water taken out of a water tub, being a mixture! ^ 
of rain and fiiow water, J 

The fea water, x ^53 

The rejiduum of the fea water from which thel 
ice before mentioned had been taken, J 

To find the degree of cold in which fea water begins 
to freeze, I made the following experiments. • 

I expofed to the open air a decanter filled with the fea 
water, in which a thermometer was fufpended, the bulb 
©f which reached to the middle of the wideft p^rt of thfi 
decanter; a jelly glafs filled with the fame fea-tvater, in 
Which alfo a thermometer was put, refting on the bot¬ 
tom, was placed in the fame expofnre, The rqfult will 
be feen in the following table; 


K k % 


Vefiel. 



Mr* nairne on Ice of Sea Water , 
January 29, 1776. 


Time. Immerfed ^Vopen 
Therm. Ait. 


EfFe&s, &c. 


Decante^ 30A.M. 

Jelly glafs, 9 

Decanter, J2 Q 


Jelly glafs, 


33 o 

251028.5 


Decanter, 

Jelly glafs, 9 

la 20 

Telly glafs, 
Decanter, 

Jelly glafs, ,a 3 ° 


ecanter, 'i oP.M. 27.$ 


ater, 1 15 




A number of beautiful feathered 
ciyftals appeared in the jelly 
glals; they began to {hoot from 
the top, which was covered ith 
ice, toward the bottom; when 
they reached it, the thermometer 
loie immediately from a5 to 28.5* 

Ice began to form in the decanter, 
though hardly perceptible at the 
edge of the water* 


Cryftals of a laminated appearance 
began to fhoot downwards 
obliquely from the ice at the 
furface, which at the edge of 
the water was barely two-tenths 
of an inch thick; no appearance 
of ice in the middle of the fur - 1 
face, 

Cryftals began to fhoot round the 
neck of the decanter clofe to the 
glafs. 

The xnfide became covered with 
finely feathered cryftals, which 
made it impoflible to obferve the , 
height of the thermometer, 
without railing it till the quick- 
filver in the tube appeared 
above the ice* 



January 




Mr. naibne on Ice of Sea Water. 253 


January 29, at eight o’clock in the evening, I expofed 
to the open air two fimilar jars, each 5! inches deep and 
1X inch in diameter; one of which I ihall, for the fake 
of diftindtion, call a ; the other, b. a was filled with the 
fea water; b with water taken out of a water tub, which 
was a mix ture of rain and fnow water. In a two ther¬ 
mometers were placed; one refted on the bottom; the 
upper part of the ball of the other was a quarter of an 
inch only below the furface of the water; one thermo¬ 
meter was alfo placed in b, refting on the bottom. The 
following table fhews the refult. 


Veflel. 

Time, 

rherm. at 
the Top. 

rherm. at 
he Bot- 
om. 

Therm, in 
the open 
Air. 


A 

h ' 

60 

60 

19.5 


B 



60 



A 


40 

33 



B 

8 IS 


3 8 



A 

8 20 

35 

* 9-5 


The furface of the water in B covered 

B 



37 5 


with ice* 

A 


31 1 

26.5 



B 

8 2 $ 


34 


Surface as before* ’ 

n 


29 

aS 


No appearance of ice. 


8 30 


3 * 


The ice on the furface increafed. 

gif 


28.5 

24*5 


Ice began to appear on the furface. 

jETfB 

8 32 


32 


Quite frozen. 

M 


28.2 

28.5 


Cryftals over every part of the glatfs. 

Lh 

8 36 


32 

20 

As before. 


N. B. During the rime in which thefe obfemrions were made, the thermo¬ 


meter in the open air rofe half of a divifioiu 


The 
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The following table thews the refult of fome farther 
obfervations on the effects of cold on the fea-water in the 
jar a of the laft table, which had been thawed in order to 
be now expofed again to the open air. The thermome¬ 
ters in the jar continued in the fame fituation as before. 


January 30, 1776, A. M. 


Time. 


10 32 
10 39 

10 42 

10 48 



11 4S 


Effects, &c. 


The water fluid. 

Ice began to be formed about the glafs at 
the edge of the water. 

Still continued to have ice only about the 
edge of the water. 

The furface of the water rendered flagrant 
by the ice. 

The cryftals had almoft reached the bottom. 

During the half minute employed in this 
obfervation, the cryftals reached the bot¬ 
tom of the jar; the lower thermometer 
tofe almoft mftantaneoufly from 24.5 to 
28.5, and was immediately rendered 
obfeure by the ice. 

The jar was taken in from the open air, 
and the lower thermometer lifted out of! 
the ice to a fufficient height for the ob¬ 
fervation. 


From thefe obfervations it feems that the freezing 
point of fea-water thould be fixed in Fahrenheit’s fcale 
at 38.5. 

^s-the water, when it began to freeze in two experi¬ 
ments , 1 exhibited phenomena different from any I had 
obferved before, it may not be improper to fubjoin ah 
account of them. 

At 




Mr. "Nairne on Ice of Sea Water. 255 

At fourteen minutes after eight in the morning of Ja¬ 
nuary 31,1 put the jar b of the fecond table, containing 
the fame water; viz. a mixture of rain and fnow water, 
in a window, having the evening before placed a fecpnd 
thermometer in it, the bulb of which was juft below the 
fiirface of the water. This as well as the thermometer at the 
bottom flood at 27.5, and the water was perfe&ly fluid; 
the thermometer placed near the jar within the window 
was at 2 3.5. At twenty-feven minutes after eight it be¬ 
gan to freeze at the bottom of the jar, the thermometers 
at the top and bottom Handing alike at 27. The inftant 
tbft cry Hals began to encompafs the ball of the thermo¬ 
meter below, which they very foon did after it began to 
freeze, the quickfilver rofe in it to 32% the upper one 
continuing at 27 0 . The cryftals continued to lhoot up¬ 
ward, and in lefs than half a minute reached the bulb of 
the thermometer at the furface, which immediately rofe 
to 3 2°. 

At ten minutes before lix in the evening of the fame 
day, I put the jar a of the fecond table into the open air, 
its contents the fame; viz. fea water. The thermome¬ 
ters in it were likewife the fame, not having been moved) 
they both ftood at 34 0 ; that in the open air at 19.5. At 
fix o’clock the thermometer above was at 31°, tha,t below 
at 2 8.2 s. At this time I difcovered fome ice on the fur- 
face of the water; but as it was by candle-light, I could 
not difcera its firft appearance. At ten minutes after fix ? 
the thermometer above was at 29 0 ; that below at 26.5. 
At fifteen minutes after fix, the upper thermometer at 
£ 28.5*, 
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a8.5; that below at 2 5At feventeen minutes after fix, 
both the thermometers flood at 28.5, cryftals having 
rifen from the bottom covered the ball of that below, on 
which it rofe inftantly from 25° to 28-5. The thermo¬ 
meter in the open air continued as at firft; viz. at 19.5. 

The fcale of all the thermometers ufed in thefe 
experiments was Fahrenheit’s. I have fent herewith 
fpecimens of the water; viz. of the fea-water; of the 
water procured from its melted ice; and of the reftduum 
of the fea-water from which the ice was taken. 


XV. Ea/y 
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XV. Eafy Methods of meafuring the Diminution of Bulk, 
taking place upon the Mixture of common Air and ni¬ 
trous Air i together with Experiments on Platina. By 
John Ingenhoufz, M. D. F. R. S. Fhyfician to their Im¬ 
perial Majejties at Vienna. In a Letter to Sir John 
Pringle, Bart. P. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S, 


Vienna, 

SIR, Not. 3 , 1775. 

R. Feb. 15, rjoME time ago I amufed myfelf with fome 
I7?6, O experiments relating to nitrous air. Having 
received from the learned Abbe fontana a copy of a 
pamphlet, which he publifhed this year under the title, 
Defcrizione e ufi di alcuni Jlromenti per mifurare la 
falubrita del aria , di Felice fontana. In Firenze , Vanno 
mdcclxxv : per Gaetano CambiagiStampatoregranducale , 
which moft probably will already be known to you; I 
imitated fome of them, and found them very ufeful for 
the intended purpofe of meafuring the quantity of air 
abforbed or diminiflied by mixing the nitrous with the 
common air; by which criterion the degree of the faiu- 
brity of common air may be afcertained according to the 
difcovery of Dr. priestley. Abbe fontana firft pro¬ 
duces nitrous air in a feparate veffel, and then forces it 
into the glafs, or other veffel, in which it is to remain, till 
a communication be opened between this veffel and the 
Vol. LXVI. h 1 other 
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other which contains common air. I found it a difficult 
matter to force always juft the fame quantity of nitrous 
air into the veffel; becaufe I could never he fure that the 
nitrous air had diflodged 'all the common air out of it, or 
had diflodged always the fame quantity of common air. 
If this quantity is not always juft the fame, fome variety 
muft happen in every experiment; and thus an exact 
valuation of the quantity of air abforbed cannot well be 
made. To obviate in fome meafure this difficulty, 
and to abridge the experiment by mixing fuddenly the 
two airs together, 1 contrived the inftrument of v hich I 
fend you here a drawing. It is a ftrong glafs veffel, 
nearly two inches and a half in diameter, and about as 
much in height: a conical figure would perhaps be bet¬ 
ter. A brafs cover, which embraces the glafs about 
half an inch downwards, is cemented to it, and has 
a hole in its middle, correfponding with the hole in the 
glafs veffel. This hole of the brafs cover has a female 
ferew fitted to receive the male ferew of a brafs tube,, 
about feven inches long and about an inch in diameter, 
terminating at one end in a male ferew (adapted to 
the abovementkmed copper plate) and at the other, in 
a neck adapted to enter the mouth of an elaftic gum 
bottle, otherwife called boretdehio or caout-cbouc , to be 
tied to it with a ftrong ribbon. This brafs tube has 
towards each extremity an air-tight cock, by which the 
communication between one extremity and the other 
may be opened or fhut. Between thefe two cocks, about 
the middle of the tube, is a fliort lateral tube, commu¬ 
nicating 
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nicating with the canal of the other tube. This lateral 
tube has alfo an air-tight cock, which opens or ftruts up 
the communication with the long tube, and has a female 
fcrew to receive the male fcrew of another fhort tube, 
which ferves to receive a glafs tube bent at right angles 
and of two feet or more in length; the diameter fomewhat 
more than that of a large quill. This glafs tube is to be 
divided into any number of equal parts. I ufe the inftru- 
ment in the following manner. The elailic gum-bottle 
being well tied to the brafs tube, all the cocks flmt, and 
the glafs tube fixed to its place, I pour a certain quantity 
of aqua forth (v. g. g 6 ) into the glafs veffel, taking care 
that none of it touches the.brafs cover: then I put 
into it a certain quantity of iron filings (v. g. ^j) wrapt 
up in a bit of paper to prevent its being immediately cor¬ 
roded. This being done, I fcrew the glafs velfel to the 
brafs tube, fo that no air can get out. When the red 
fumes begin to rife, I open the two cocks of the brafs 
tube, which open the communication between the 
glafs veffel and the elaftic gum-bottle. By fqueezing 
the elaftic gum-bottle, I force the two airs to mix to¬ 
gether. The diminution of the air is foon perceived 
by the elaftic gum-bottle becoming flaccid. When I 
judge the air is as much diminifhed as it can be, I put 
the extremity of the glafs tube into a veffel with water, 
and open the cock of the fide tube: the water imme¬ 
diately rifes in the glafs tube to a height proportioned 
to the diminution of the two airs. By repeating feveral 
times the experiment in the fame place, I found the 

L 1 % rife 
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rife of the water nearly the fame, though not fo exadtly 
as I could have wifhcd: the variation I afcribed partly 
to the elaftic bottle not being always of the fame lirmnefs 
or elafticity, which it lofes more or lefs by fqueezirig. I 
contrived another method more fimple, and perhaps more 
accurate, which is the following: 1 took a glafs tube about 
two and a half feet long, and not quite a twelfth of an inch 
in diameter; fo that a column of quickfilver might flide 
through the whole without difperfing itfelf, filling al¬ 
ways the whole cavity. I cemented to each extremity a 
brafs ring, that I might be able to fhut the opening with 
my finger without hurting myfelf. This tube being di¬ 
vided into I oo equal parts,Tufed it in two different Ways; 
Ws. having poured fom eaqua forth into a little phial, and 
put to it fome filings, I thruft the extremity of the glafs 
tube, into the neck of the phial. A column of quickfil¬ 
ver of about an inch in length occupied that end of the 
glafs tube which was in the neck of the phial. The 
whole was kept in fuch a pofture that the tube was nearly 
in an horizontal line, the end which is put into the phial 
being rather the higheft. Care was taken that the tube 
fhould not touch the aquafortis. The phial being filled 
with red fumes and the extremity of the tube furrounded 
with them, I open and fhut alternately the oppofite extre¬ 
mity of the tube, fo as to allow the quickfilver to advance 
flowly towards the middle; as foon as the column of quick¬ 
filver i 4 s arrived at the middle, I take the tube out of the 
bottle, and fhut each extremity with the fore-finger: thus 
moving the tube upwards and downwards as brifkly as 
can be done with a certainty of keeping both extremities 

all 
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all the while exa&ly fhut. The two airs being thoroughly 
mixed, I put one extremity into a veffel filled with quick- 
filver, and withdrawing the finger from the opening, the 
quickfilver riles immediately within the tube, and fhews 
by its height the exadt quantity of air diminiflied. The 
other method is this: 1 tye to the end of the fame tube the 
neck of a fmall elaftic gum-bottle, the bottom of which is 
cut away: having put l'ome iron filings into a little phial, 
filled with aqua■ forth , I put the end of the tube within the 
mouth of the phial, clapping my hand fall; to the orifice 
of the phial, the loofe part of the elaftic bottle, fo that 
the nitrous air, riling from the phial, muft take its courfe 
through the tube. When the whole tube is filled with red 
fumes, I take it out, and fhut the two extremities with my 
two fore-fingers. Then I put one end of the tube in a 
veffel with quickfilver, and withdraw both fingers for an 
inftant, to make the column of quickfilver rife within the 
tube. I apply immediately both fingers; and holding the 
tube nearly in a horizontal dire&ion, fo that the extremity 
where the quickfilver is may be rather the higheft, I open 
and fhut at the fame time both extremities, fo that the co¬ 
lumn of quickfilver gradually advances towards the mid¬ 
dle. The quickfilver advancing towards the middle, as 
much common air follows the quickfilver as it forces out 
nitrous air from the other extremity. As fbon as the co¬ 
lumn of quickfilver is in the middle,. I keep both extre¬ 
mities well fhut with my fingers, and moving the tube in 
various ways, I force the two airs to come into mutual 
conta<ft, and to mix intimately together. Then I put one 

extremity 
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extremity into a veflel filled with quickfilver, withdraw 
the finger from within the quickfilver, and obferve to 
what height the qnickfilver riles. It requires fome prac¬ 
tice to perform this experiment with dexterity. 

Some time ago I got forne ounces of fine platina from 
Spain, through the means of his excellency Count 
dietriciistein, with which I made l'ome experiments. 
Moft writers afiert, that a confiderable part of the platina 
is attra&ed by the magnet, but not the whole of it: but 
by a nice inquiry I found, that every one of the particles 
oheyed'the magnet more or leis, except ibme tranlparcnt 
Pony particles; and that even thefe were all magnets in 
tliemfelves; or that each particle had two poles, which I 
could change at pleafure by the application of magnetical 
bars. Though their magnetical virtue is always much 
lefs than that of particles of iron, yet every one had more 
.or lefs of it.; but ibme fo little as not to be perceived but 
by applying a Prong magnet to them when floating upon 
water. Befides the flat, fmooth, and Alining bright par¬ 
ades, which are alone the true platina , I find two other 
kind of particles among them; viz. fomevery finall black 
particles, moft. of which are of an irregular figure, re- 
fembling the iron fand found in fome parts of North 
America; at Teneriffe; near fome lakes in Italy; in 
fome rivers in Tranfylvania, among the gold duft, 
which is taken out of them; and in many other places. 
Some of thefe 'black particles, though few in compari- 
fon with the number of the irregular particles, are of a 
very regular figure; and when feen through a good 
•magnifier, fomewhat referable the figure of a melon. 

Both 
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Tliefe black particles of both forts, I find, are'attraded by 
the loadftone, and have each of them two poles, though 
thofc of an irregular figure have them more manifeftly (•). 
The other particles are of a gold colour; having, in gene¬ 
ra], more or lefsof apaleneis approaching to the colour of 
platina. Some of thele gold particles have the figure of 
the reft of the platina , differing only from them in co¬ 
lour, and in not .being fo bright, or as it were polifhed. 
Others are irregular maffes of indeterminate figure having 
generally a fpungy appearance. The moft part of thefe 
gold particles were evidently attracted by the magnet, and 
fhewed upon the furface of the water their two diftind 
poles. Thefe gold particles being put upon apiece of char¬ 
coal, and the flame of a candle direded upon them by the 
blowpipe of the chemical pocket laboratory, defcribed by 
gustave von engestrom* publifhed in the Eiiglifh 
tranflation of crownsted’s Mineralogies run eafily into ■ 
round balls, which have all the appearance and quality 
of real gold, except their .being in general magnetic^ or 
having two diftind.poles. I make no doubt but this 
magnetical quality is owing to fome platina mixed with 
the gold. I could never melt a fmgle particle of true 
fhining platina b y blowing ftrongly upon it with the blow¬ 
pipe; the only change they underwent by this operation 
was to lofe their brightnefs and the greateft part of their 

(a) If taagnetifin is a criterion of iron* there nrnft be iion in the p'aihux* f 
but if the reft of this fubftance be gold, according to fome, why &otfld 
not this be precipitated together with the gold added to it, by the addition Of a 
folution of green vitriol to the ajua ngia in which the two metals are difiolved ?• 

mag- • 
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magnetical virtue. Having filled a fmall glafs tube with 
that platina, I found each end of it attraded both poles of a 
compafs indifcriminately; but being put to a fet of mag- 
netical bars, it became a real magnet, having two diftind 
poles, which I could change at pleafure. I filled another 
fmall tube with platina, the hollow of the tube being only 
of fuch a fize, as to allow the particles of platina to go in 
freely. I ftuck a pin in each end, and fixed the pins with 
fealing wax. I directed five or fix eledrical explofions from 
three very large jars through the tube; after which, I 
found the platina had acquired no polarity. By looking 
with a microfcope at the outfide of the tube, I found the 
platina was much changed, fo as to appear one uninter¬ 
rupted cylinder of metal, all the interftices between each 
particle being quite, in appearance at leaft, obliterated 
and filled with-bright metal. The places which were 
not bright, were become of a black'hue, and appeared to 
be parts of the platina not melted; which I found after¬ 
wards to be the cafe. I attempted to lhake the particles out 
of the tube, but I could not lucceed. I could only force 
out fome fe\V at the opening with a pin. I feparated a 
little bit of the tube with a file, to pufti out the cylinder 
of platina ; but could not fucceed without employing a 
great force: therefore I beat fome part of the tube to 
pieces with a hammer, and found each particle had un¬ 
dergone a remarkable alteration. All of them appeared 
in feveral places to have been melted, and fome little 
ones feemed to have been intirely in a fluid date; they 
all adhered in lumps together fo ftrongly, that many of 

them 
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them could abfolutely not be rubbed afunder between 
the fingers. The infide of the tube exhibited macks of 
having received impreflions of the melted metal. By 
comparing the feparated particles of this plafma with 
particles not expofed to an ele£trical explofion, they were 
fcarce to be known for the fame fubftance. I had put 
fome iron filings in a tube of the fame fize, and directed 
the fame explofion through it, in order to compare the 
effect of electricity upon it with what happened to the 
platina, I found, by looking at the outfide, fomewhat of 
the fame appearance of being melted. By cutting this 
tube in fmall bits, I could eafily pufli out the filings with 
a pin, which I could not do in the other cafe but with 
great force. The filings ftuck together, as the particles of 
platina had done; but with lefs force. By .this (experi¬ 
ment it fhould feem as if platina (which hitherto could 
never be melted by common fire by itfelf,but only in the 
focus of a very ftrong burning glals, fuch as was a little 
while ago made at Paris) were equally fufible, if not more 
fo than iron, by electrical fire. I was fomewhat furprized 
to find, that the particles at platina taken out of theafore- 
faid tube, had got a remarkably ftronger magnetical 
force, being attracted by a loadftone at a greater diftapce, 
and turning their poles more briikly upon the water 
than before, though the whole cylinder of thefe parti* 
cles, ftill inclofed in the tube, gave no figns of having ac¬ 
quired polarity. Thus it appears, that common fire,di* 
minifhes the magnetical virtue of platina , and that elec¬ 
trical fire increafes it; which I thought the more_pro- 
Vou. LXVI. M m hable, 
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table, becaufe thofe very particles, which had acquired 
by electricity their increafed magnetical force, did lofe it 
again after being heated upon a piece of charcoal, which did 
not happen in the particles of iron. Platina mixed with 
lead was put upon an ordinary cupel in a docimaftic fur¬ 
nace ftrongly heated. When the metal came to a folid 
ftate, it was a flat rough lump, much heavier than the 
crude platina. I put frelh lead to it, and cupelled it 
again as before. I repeated it ten times, when I obtained 
a large lump, fomewhat lefs flat, pretty fmooth, but not 
bright; of about the fame weight as after the firft cupel- 
lation^J. This lump did not give the leaft fign of mag- 
netifm, and even would not receive any by being applied 
to ftrong magnetical bars (I forgot to try this after the 
firfl cupellation) and the fubltance was very brittle, nearly 
of the fame colour as plating and took a fine polifli. If 
it could tend to any ufeful purpofe, I would repeat thefe 
experiments oftener, to be quite fure whether the event 
would be conftantly the fame. 

Though a piece of foft iron attracts the two poles of 
a cotopafs indiferiminately, and is incapable of acquiring 
polarity itfelf, yet I have never been able to feparate a 
Angle particle of the fofteft iron, even when I fepa- 
rated it carefully with a flint, or other body containing 
no fteel or iron, without its giving evident figns of two 
djftinCt poles when floating upon water, nay even upon 
paper. I could alfo never find iron filings of ever fo foft 

(if) I loft the paper that contained the exaft weight before and after the cu¬ 
pellation. 

* a fubftancc, 
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a fubftance, but each particle feparately had evidently 
two poles. Such iron filings mixed with bees wax, as 
much as is fufficient to keep them together, got a ftrong 
polarity by being touched with magnetical bars, and had 
all the qualities of a magnet; the mafs is eafily cut with 
a warm knife, and is very convenient for magneti¬ 
cal experiments, fuch as Dr. knigi-it made with fimilar 
loadftones made of pounded magnets. I found alfo, that 
each particle of thofe granulated iron ores of Sweden, 
which are placed among the miner a ferri retraSloria , fe- 
parated iron from ftone, and had two diftant poles; and 
that a piece of the ore itfelf became a tolerable good 
magnet by being touched with the bars. 

I am, See. 


M m a 
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XVI. An Account of three Journeys from the Cape Town 
into the Southern Parts of Africa; undertaken for the 
Difcovery of new Plants , towards the Improvement of 
the Royal Botanical Gardens at Kew. By Mr. Francis 
Maflbn, one of bis Majejlfs Gardeners . Addrejfed to 
Sir John Pringle, Bart. P. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 


SIR, 

R. Feb 


Kew, Nov. 1775. 

eb. i, T N compliance with your requeft, I now fend 
7?6 ‘ X yon the account of my firft journey from 
the Cape, which IJaave tranfcribed from my journal; 
and if you lhall find it to contain any thing worthy the 
notice of the Royal Society, I beg you would do me the 
honour to prefent it to that illuftrious Body; and believe, 
that with the greateft pleafure I fhall communicate to 
you and to them the remaining part of my obfcrva- 
tions. 


I am, &c» 


AN 
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AN ACCOUNT OF THE FIRST JOURNEY. 

O N the 10th of December, 1772 ,1 fet out from the 
Cape Town, towards the evening, attended by a 
Dutchman, and a Hottentot who drove my waggon, which, 
was drawn by eight oxen; this being the manner of tra¬ 
velling there. They prefer oxen to horfes, becaufe they are 
much cheaper, and more eafily maintained. At fun-fet 
we croffed the Salt River, about two miles diftance from 
the Cape Town, where is placed a high flag-ftaff with a 
large old piece of cannon, intended to give fignals to pre¬ 
vent a furprize from an enemy: thefe fignals are anfwered 
by others, placed upon eminences at proper diftances, 
and alarm the adjacent country in a fliort time. In the 
night we travelled over a large fandy plain; and towards 
the morning flopped at a fmall cottage called Elfis Kraal. 
The next day we partook of the diverfion of hunting a 
fmall fpecies of antelope, which the Dutch call Steen- 
bock. We crofled great part of this fandy plain, which 
is very extenfive, reaching from the Tyger Berg to Bay 
Falfo, upwards of twenty miles; from the Table Moun¬ 
tain to Hottentot Holland Mountains, *bout thirty miles.. 
The foil of this plain is unfit for cultivation; beinga pure 
white fand, blown by the S.E. wind from the ftiore of 
Falfo Bay, and often forming large hillocks; it is, never- 
thelefs, overgrown with an infinite variety of plants pe¬ 
culiar to this country. 

7 


nth, 
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nth, We paffed the Tyger Berg, leaving it on our 
left hand; and along its fkirts faw many fine plantations, 
abounding with corn fields and vineyards. 

i ath, We paffed the Paerden Berg (that is, Horfes 
Mountain) fo called from the number of Zebras for¬ 
merly found there, which are called by the Dutch inha¬ 
bitants wild horfes. Towards the evening, crofting the 
Berg Rivier (that is, Mountain River) we entered into 
the diftridt called Draakenfteen, a valley about ten miles 
in length, and about five in breadth; containing many 
large plantations of vineyards, and orchards of moll kinds 
of European fruit, which have been tranfported hither 
by the Dutch; viz. apricots, peaches, plumbs, apples, 
pears, figs, mulberries, almonds, chefnuts, and walnuts; 
but no Indian fruits, except the guyava andjambo, neither 
of which ripen well. Thefe plantations are generally 
fituated near the foot of the mountains, and watered by 
ftnall ftreams, which defeend with great rapidity, and 
are conveyed all over their gardens and vineyards. 

16th, We travelled to a fmall village called Perel, fo 
named from its fituation on the N.E. fide of a hill called 
Perel Berg.’ In it is a church and about a dozen of houfes 
difperfed along the foot of the hill, with pretty gardens 
and vineyards, which produce excellent wine. 

17 th, I went up to the top of the Perel Berg, where I 
fpent a whole day in fearch of plants, and hunting a fort 
of antelope called Ree Bock; but had no fuccefs. I faw 
nothing here fo worthy of obfervation as two large folid 
rocks, of a roundifh figure; each of which, I may pofii- 

tively 
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tively fay, is more than a mile about at the bafe, and up¬ 
wards of two hundred feet high above the ground. 
Their furfaces are nearly fmooth, without chink or £f- 
fures, and they are found to be a fpecies of faxum or gra¬ 
nite, different from that which compofe the neigh¬ 
bouring mountains. 

18th, From hence we continued our journey to a val¬ 
ley, adjoining the S. E. part of Draakenfteen, called 
Franfche HoekW; it having been fettled by a party of 
French refugees, who left France about the begin¬ 
ning of this century. Though but a poor fettlement, 
being a cold, moorifh foil, it produces com enough for 
its inhabitants, four wine and fome fruit. Drakenfteen 
and Franfche Hoek are bounded on the N.E. and S.E. 
by a chain of high mountains, which have their be¬ 
ginning at Cape Falfo, run in a winding courfe to the 
N.W. of St. Helena Bay, and fend out feveral branches 
into the interior parts of the country. Thefe two val- 
lies are watered by the Berg Rivier, which rifes in the 
Stellenbofch mountains. It is a confiderable river, but 
no where navigable. The banks are decorated with a 
great variety of uncommon trees. 

January 4, 1773, We reached Stellenbofch, afipall 
village about thirty miles N*E.. from the Cape Town, 
confifting of about thirty houfes, forming one regular 
fbreet, with a row of large oak-trees on each fide along 
the front of the houfes, which render it very pleafant in 

(a) This, I fuppofc, to be the place which fome of the French voyagers in 
their obfervations on the Cape of Good Iiope, call Petite Rochelle. 
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the hot feafbn. Thefe oaks, which arc of the fame fort 
with ours in England, were brought out of Europe by 
adrian vanderstell, formerly governor of the Gape, 
who built this village, and gave it his name. The 
country round it is populous, and contains many rich 
farms, which produce plenty of corn and wine. It is 
watered by a fmall river called Eerfte Rivier, which dif- 
charges itfelf into the Eaft part of Falfo Bay. The far¬ 
mers we found bufy in treading out their com; which is 
performed by horfes in the following manner. They make 
a circular floor about thirty, forty, or fifty feet diameter, 
with a compofition of clay and cow-dung, which binds 
very hard; round it they ereff a mud wall, about breaft 
high; this floor they cover with fheaves, beginning in the 
middle, and laying them in concentric circles till they 
reach the outfide. They then turn in about twenty or 
thirty horfes, which a $ptt£j$<it, fu^ipfhed»with a long 
whip^ ( drives round and round tilltbe com be trodden out, 
and fche ftraw become as fine as chaff; which they after¬ 
wards clean, and carry into their granaries. This me- 
th^t^eyffsjn $ra&?j8e with feraurity, as it feldom 
rains, here' fropa.the^midd^ ©f October to the middle of 
March. 


i 5th, From thence we travelled along the foot of the 
mountains to Hottentot a pleafant 

^ TOA wfc T eauntrv: furrounded on * three fides by the 

ftftter opening to the Eaft part of 
Falzo eight or ten. plantations, with ele- 
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gant houfes, gardens, vineyards, and corn fields: this 
country lies about thirty-five miles Eaft from the Cape 
Town. 

6th, We afcended the mountains by an exceedingly 
fteep rugged path, which the peafants call Hottentot 
Holland Kloofw, and after much labour and fatigue 
gained their fummit, when we entered a fpacious plain, 
interfperfed with an infinite number of large fragments 
of rocks, vifibly decayed by the force of the S.E. wind, 
which blows here during the fummer with very great 
force. Some of thefe rocks appeared like the ruins of 
church-fteeples, and were worn fo thin with wind and 
rain* that the fofter parts of them were perforated in 
many places. They are formed of the cos quadrum of 
LINNJEUS. The foil about them is a black earth inter¬ 
mixed with a pure white fand, probably proceeding from 
the decay of the rocks. Thefe mountains abound with 
a great number of curious plants, and are, I believe, 
the richeft mountains in Africa for a botanift. We 
then pafled the Palmet Rivier, fo called by the peafants 
from a plaht^ which almoft covers the water; the leaves 
of which greatly refemble that of the ananas or pine¬ 
apple, but their flowers are like thofe of a reed. At night 
we crofled a fmall river, called Boter Rivier; and took up 
our lodging at a mean cottage, Where the Dutchmen and 
Hottentots live almoft promifcuoufly together, their beds 
confifting only of fheep’s fkins. The next morning ah 

{b) Kloof, is a narrow paffage over the lower part of a chain of mountains, 
or fometimes a narrow paffagtf between mountains. 

(c) Schoenvs ftrraiuu 

you hXVh N n 
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old Hottentot brought out a fat wether, and slaughtered 
it; part of which we ate for our breakfaft. 

8th, We came to a hot bath, fituated on the S.E. fide 
of a large mountain called Zwart Bergw. The India 
Company have eredted here a tolerable houfe for tire 
reception of fick people. The water is folding hot 
where it fprings out of the earth; but after being con¬ 
veyed about ten or twelve paces to the bath, it becomes 
more temperate. The people here feem to ufe it for all 
difeafes without exception, and often perhaps receive 
more hurt than benefit by it. 

i oth, We croffed Rivier Zonder Eynde; that is, End^ 
lefs River, which difeharges itfelf into the Breed Rivier to. 
At night we came to Sweet Milk Valley, where there is a 
good houfe belonging to the overfeer of the Company’s 
woods; who received us with great civility, and kept us 
with him five days. The fourth day,-we went into the 
woods, Which are about 'half-way up a high chain of 
mountains that extends along theN. andN.E. fide of the 
the valley. I was accompanied by a farmer’s fon, who 
took with him eight large rough dogs, which in our way 
flatted two wolves; one of them we wounded with fmall 
fhot, fo that the dogs overtook him. A fierce battle en- 
fued, w hi ch lafted an hour before he was killed. We 
alt^wards climbed over many dreadful precipices till we 
aiA^ltste the Woods; which are dark and gloomy, in- 
terfpibtol^i^ Bfobing ihrubs of Various kinds. The 
trees are vfeijr Mgh^'fome from eighty to a hundred feet; 

(d) Blade Mountain. (t) BroaclEiycr, 

often 
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often, growing out of perpendicular rocks where no earth 
is to be feen. Among thefe the water fometimes falls in 
cafcadesover rocks two hundred feet perpendicular, with 
awful noife. I endured this day much fatigue in thefe 
fequeftered and unfrequented woods, with a mixture 
of horror and admiration. The greateft part of the trees 
that compofe them are unknown to botanifts. Some I 
found in flower; others, which were not fo, 1 was obliged 
to leave for the refearches of thofe who may come after 
me in a more fortunate feafon. 

16th, I vifited a Hottentot Kraal: the men were all, 
at this time, attending their herds; but the women and 
children were employed in building their huts; which 
are very low, of a circular figure, and made of flender 
poles, the ends of which are duck into the ground, fo as to 
form a number of arches eroding one another; thefe they 
afterwards cover with mats made of reeds. They have 
a round hole in the middle of the floor, in which they 
make the fire, and fit all round it upon the ground; but 
have no chimney or hole to let out the fmoke. 

18th, We eroded the Breed Rivier, which is confidcr- 
ablei and only paflable in winter by a ferry; but at this 
feafon we forded it at the place where the Riyier Zonder 
Eynde joins it. At nighfc we arrived at Schwellendam, a 
place about 150 miles from the Cape Town, where 
we remained two days; hut findingthe feafon too farfpent 
for making any confiderabie collections, I returned back 
tp the (JJape by the fame road I came.- It was op this 

N n a journey 
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journey that I collected the feed of the many beautiful 
fpecies of erica which, I find, have fucceeded fo well in 
the Royal Garden at Kew. 


SECOND JOURNEY. 


E. fceb. aa » ]\ /[Y fecond journey was performed in com- 
I77<S * 1VX p an y w ith Dr. thunberg, a native of 
Sweden; who was fent out by the Dutch to collect plants 
at the Cape, and is on that errand now in the Dutch Eaffc 
indies. 

Sept, ii, 1773, We left the Cape Town, dire< 5 ting 
our courfe along the N.W. Coaft. We pafled the Blue 
Mountains; but the weather proving rainy, and attended 
with a fog, we loft our intended road, and were obliged 
to lodge that night in the fields. 

* ath. We came to Groene Kloof, a place belonging to 
the Eaft-India-Company, where we remained feveral 
days, the weather being rainy and unfettled; during 
which time we made feveral excurfions along the tides 
©f the hills, and alfo over a large fandy defart towards 
the fea Chore; where we found a great variety of beautiful 
iftanfS; and feveral animals peculiar to this climate; viz*. 
oftriches, and plovers of'feveral ferts. 
ip^Sf)»ixC^»c«it»Kloof wepafifed a finall hill, called 
Konter B^?g7?ai3dufrom thenoe entered a large barren 
fountry, named Zwart The earth is a grey fand. 


BlaikLancT. 
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level for many miles, and covered over with low fttrubs. 
of various forts. At night we came to a farmer’s houfe, 
where we remained two days, ranging the adjacent fields, 
in which we found many curious plants, and ihot feveral 
animals, as fteenbocken, hares, partridges. 

2 2d, Still, in the fame direction, we travelled over a 
deep, fandy country with great fatigue; when, towards 
the evening, we arrived at Saldana Bay. Here we lodged 
with a farmer on the Eaft fide of the bay; but being de- 
firous of crofling to a houfe inhabited by fome of the 
company’s fervants, who during the fummer feafon ffioot 
feals for oil, on-the 2 3d we made a fignal forthem to fend 
their boat; which they immediately anfwered, and 
brought us over the bay, which is about two miles in 
breadth, where we were hofpitably entertained by the 
matter. I obferved, that the dire&ion of this bay is laid 
down wrong in all the maps that I have feen, except that 
of the Abbe de la c aille ; they have given it a rightEaft 
dire&ion, whereas it has nearly a South dire&ion, almoft 
parallel tothe feacoaft, and, Ifuppofe, almoft twenty miles- 
inlength. The entrance of the bay is difficult, having fe¬ 
veral fmah iflands in k, and the adjacent country being 
little better than a fandy defart, and the water hrackiih;. 
k is, I think, improper for Shipping. It lies about fifty 
miles N.N.W. from the Cape Town. We found, here 
great variety of curious plants; andin particular, a large 
bulbous root, growing on dry precipices, which the Dutch* 
call vergift~boM> poifon bulb; the juice of which,they fey, 
the Hottentots ufe as an ingredient to poifon their 

We* 
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Wc found it to be a fpecies of amaryllis , and, by the 
leaves growing in a fan fhape, we called it amaryllis 
dijlicha . 

27 th, From Saldana Bay we journeyed to Witte Klip 
(White Cliff) being a white granite ftone of an enor¬ 
mous fize; from the top of which we had a charming 
view of the lea coaft from St. Helena Bay to the Cape of 
Good Hope. The whole country affords a fine field for 
botany, being enamelled with the greateft number of 
flowers I ever faw, of exquifite beauty and fragrance. 
Here we faw numbers of wild dogs, and fome of them fo 
near that I could difeern them to be about the fize of a 
large fox-hound. They go in large packs, and do great 
damage to the cattle. They alfo deftroy the antelopes 
wherever they go, by hunting them down in the fame 
manner as our hounds do a flag. 

30th, To St.%elena Bay, where the Berg R|vier dif- 
charges itfelf, which is here very deep, and bordered on 
each fide by extensive marfhes that are impafiable, and 
overgrown with very high reeds. Thofe reeds are plen¬ 
tifully flocked with birds of various forts, which build 
their Qfefts upon fuch of them as hang over the water. 
There is one bird, in particular, which has a wonderful 
effect among the green reeds; its body being a bright, 

S , with black and grey wings; and by brightnefs 

colours, when fitting among the reeds, they look 
Blhe^: this is the loxia orix of lin- 
N^Etrs. Tnk-Ia&^fkke of the fea horfe,or hippopotamus 
ampbibiul\ hi ‘Ms^^ybut it is now prohibited to fhoot 

* any 
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any of them, as they are nearly deftroyed for 800 miles 
from the Cape. The farmers flioot them for their fleih, 
which they efteem as good as pork; and of their hide, 
which is extremely thick, they make whips. There 
happened at this time a great flood, that prevented our 
croffmg the river at this place, and obliged us to tra¬ 
vel four days up the river to a ferry, which greatly 
retarded our journey, and occafioned many difficulties by 
the deepnefs of the fand and hrackiftmefs of the water; 
nor is there any wine or fruit in this part of the country, 
owing to the faltnefs of the foil. 

061 . 6th, We came to the pont or ferry, where we col- 
lecfted a great number of beautiful plants, particularly 
hcia, irides , and gladioli * 

7 th, We crofted the Berg Rivier, and entered a fine 
plain country, called 24 Rivieren Diftridt; fo called from 
the number of fmall rivulets which run through that 
diftrift, and difcharge into the Berg Rivier. Here we had 
fome four wines, and oranges and lemons in great plenty. 

9th, We pafled a branch of that chain of mountains 
which I mentioned in my firft journey. They continue 
for many miles further to the N.W. gradually diminifh- 
ing in height to the Weftern fliore. This paflage over 
the mountains is called Kartouw, and is remarked for- 
being one of the moft difficult in this part of Africa; 
which we found true, being obliged to lead our horfes 
for three hours amidft inceflant rain, which made the 
road fo flippery that, by often tumbling among: <the 
loofe Hones, they had their legs almoft flripped of the 

ikin; 
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fltin; and the precipices were fo fteep, that we were 
often afraid to turn our eyes to either fide. Towards 
fun-fet, with great labour and anxiety, we got fitfe to 
the other fide, where we found a miferable cottage be¬ 
longing to a Dutchman. Being however cold and wet, 
we were glad to take refuge under his roof. The hut 
had only one room; but our hoft gave us a comet to fleep 
in, which was detached by a hanging of reed mats, where 
he and his wife alfo flept; and in the other end lay a 
number of Hottentots promifcuoufly together. 

ioth, We croffed the Olyfant’s Rivier, nearly 130 
miles North of the Gape Town, where we entered into a 
pleafant valley, bounded on each fide by very high 
mountains; thofe on the Eaft had theirfiumftiits covered 
with fhow, it being then their fpring. This country pro¬ 
duces good corn and European fruit in great plenty, es¬ 
pecially orangea.ahidflnitK»i 9 iin g*fca*dfc jttcdhfidn; 
aj*<f the .pates grofc* to a-gtisat Mk.m ‘Thfey fwufe alfo 
wine, but it is four find imwhdlefome; which, I think, 
may be owing to their planting their vines in wet, marihy 
pbiBps* The 6134'yields watery juices, which feldem ri¬ 
pen, hut produce good bjjmdy. There is a hot* bath 
here, which we vifited, ifiuing from the fide of a UWfitttt- 
ta*su The water was nearly boiling hot plitee it 
the rock; and the pedj&fftffed it af- 
enough to hot a^leceurf meat. 
I hid been ’either raifed 

from a .j&tefted <when > very yoking, hi ft 

feara of the 'rook? iMer bailed ou% HftilfcltJ to 
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my furprize fiourilhed amazingly, and all the fides of 
the bafon where the people bathed were matted round 
with the fibres. 

I ith, i 2th, x 3th, 14th, We travelled along the banks 
of this river, making fliort Rages. The meadows yielded 
excellent pafture for our cattle, the grafs reaching up to 
their bellies, but of a coarfe texture, being chiefly Jun- 
cuSjfcirpus , and cyperus. 

15 th, We attempted to crofs the high ridge of moun¬ 
tains on the North fide; but found it impracticable, hav¬ 
ing overturned our waggons on the fide of a precipice, 
and greatly damaged them, which obliged us to .return 
to a peafant’s houfe to get them repaired. This done, we 
held a confultation what courfe to take; and after fome 
warm debates, concluded to fend our waggons round to 
a place called Rood Land, there to wait for us, while the 
Dodor and I directed our courfe through a country called 
Koud Rocke Yeld, or Gold Country of Antelopes; fo 
named from a fpecies of antelopes which inhabits here, 
called Spring bock. This animal when hunted, infiead 
of running, avails itfelf of furprizing fprings or leaps, 
which I Ihall have occafion more particularly to mention 
hereafter. 

17 th, We directed our.courfe Eastward through Elans 
Kloof, a narrow winding paflage through a high chain 
of mountains, which lies to the N.E. of Olyfant’s Rivier. 
This road is rugged beyond defcription, confifting of 
broken and.flattered rocks and rugged precipices, 
compared on each fide With horrid impalpable, moun- 

Vol. LXVI. Oo tains;' 
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tains; the fides of which are covered with fragments of 
rocks that have tumbled down from the iummits at dif¬ 
ferent times. We faw few plants here, only dome trees 
of the protect grand [flora txiinly dilperfe't along the ikirts 
of thefe mountains. We croffed, in this paffage, fcveral 
finall rivers of the pure ft water I ever beheld, which af¬ 
forded us no fmail relief during the heat of the day. 
Towards the evening we entered the Koud Bocke Veld; 
and afterwards came to a peafant’s houfe, where we re¬ 
mained that night. 

18th, 19th, 20th, We travelled through the ICoud 
Bocke Veld, where we found but few plants: the face 
of the country being exceedingly barren, and not fo much 
as a ftirub to be feen. The feafon here appeared to be 
two months later than in the neighbourhood of the Cape 
Town, although the diftance be not above a hundred 
miles, in a dire& line in a Northern direction. This conn- 
' try is but {mall, containing about nine or ten Dutch places, 
the inhabitants of which fubfift intirelv by their cattle. 
Their winters are often fo fevere, that the ground is co¬ 
veted with fnow for ten days together; and their early 
calves and lambs are often killed by the inclemency of the 
weather. Neither orange trees nor vines will live here, 

S o the bleaknefs of its fituation; and the boors in- 
us, the fummers are often fo unkindly, that their 
& flighted while in ear, fo that they purchafe 
corn from the low country farmers. The 

country ifc ^IdMUpaffed on all fides with very high moun- 
' 1 fains, almoft perpendicular* confining of bare rocks, with-. 

out 
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out the leaft appearance of vegetation; and upon the 
whole, has a moft melancholy effect on the mind. We 
faw fome herds of the fpring-bocks, a fpecies of antelope, 
as obferved before, which were fo fhy, that we could not 
come within mulket-fhot of them. 

21 ft, We defcended by a very fteep path into ano¬ 
ther fmall country, called Warm Bocke Veld, encom- 
paffed alfo on all lides with horrid mountains, but not 
nearly fo barren. Here we had fome four wine and fruit; 
we were alfo delighted to fee the luxuriance of the mea¬ 
dows, the grafs reaching to our horfes bellies, enriched 
with great variety of ixia, gladioli and irides, moft of 
Which were in flower at the Cape in the month of Au- 
guft. 

2 2d, We had a high chain of mountains to pafs before 
we arrived at Rood Land, where we expecfted to meet 
our waggons. Upon inquiring about the road thither of 
the women, with whom we had lodged the preceding 
night, the men being all from home, fo that we could 
not procure a guide; they informed us, there was only- 
one pafs, called Moftart’s Hoek, which was very danger¬ 
ous ; and that, without a guide, we fliould run the rifk of 
lofing out lives, having a rapid river feveral times tocrofs, 
the fords of which, by the late rains, had been rendered 
more dangerous than ufual. We were a little intimidated 
' 'bv this information; but fortifyingourfelves with refolu- 
tion we proceeded, and in an hour arrived at the firft 
precipice, where we looked down with horror on flieiiver 
whic&%fmed feveral catara&s inconceivably,wild and 
’ M<l J O o 2 romantic. 
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romantic. This pafs, which took ns near three honrs 
march, is at the broadeft about a quarter of a mile, but in 
general not above an eighth part of one. The mountains 
on each fide rifing almoft perpendicular to a ftupendous 
height,had their fummits thep. covered with fnow,part of 
which remains till March. This river, which is the be¬ 
ginning of the Broad River, we had four times to crofs. 
The ford was exceedingly rough, the bed of the river being 
filhd'Wxth huge ftonfes, which tumble down from the 
fides of'the mountain; but we thought our labour and 
difficulties largely repaid by the number of rare plants 
we found here. The bank of the river is covered with 
great'variety of evergreen trees; viz. brctbefum Jlellati* 
folium , kiggelaria Africana , myrtus anguJUfolla , and* the 
precipices am ornamented with erica and many other 
mountain plants never defcribed before. At night we 
arrivfcd at Rood hand, where We found our;&mmts and' 
waggsmiVand hein^ sr Btotle fatigued* we devoted the 
and the! examination of our plants. It is 
to Be obferved, that during the preceding five days we 
had bather fhortened our diffcance frofn* the Cape, by 
mif&T of iheimpofobility of’taking the waggons over* 
die mountains with us; fo that we were now one day**- 
journey nearer theCape than we had been on BdckeYeM.’ 

ajfijth, We travelled up a high mcrantam,'ralted Win¬ 
ter ltek» on the N.W. of Rood Land, dhfe^cffjthe thighed: 
motfrtwSft wklt^/paif ©BAfiicai whole-top is fcbvered 
with fnotr fe& 3 gmatjdarpam of the y«at< Here we edo* 
petted to find plants that might endure the feveiity of 

our 
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our climate; "but when we arrived at its top, we found' 
nothing hut a few grades, rejiiones , elegia ,; the whole 
mountain confiding of rock, lying in horizontal Jlra- 
ta, without any fort of earth, except a little decayed 
rock in which the grades grew. From the foot of this 
mountain to its fummit is a good day s journey, it 
heing very rugged and difficult to mount. We found 
many curious plants growing along the borders of the 
dreams, which run in great plenty down the mountain’s, 
fide. Rood Land is a fine level country, furrounded 
on all fides by lofty mountains, except on the Eaft,, where- 
the valley continues for feveral days journey indofed 
by mountains on each fide. Thofe on the Northern fide* 
continue for feveral hundred miles- in an oblique di¬ 
rection, and terminate on the Eaftern coaft. This coun¬ 
try produces com and wine in abundance, and mofi of 
cmr European fruits, which have been planted there by 
the new inhabitants, who are defcendants of the* 
French refugees; a civil, hofpitable, and induftrious, 
people. 

18th, a 9th, We continued our journey along the 
banks ‘of the Broad River, where we collected many re¬ 
markably fine flowers, particularly one of the filaceous, 
kind, with a long fpikeof pendulous flowers, of agreenilh* 
aiure colour, which among the long grafe had. an. ad¬ 
mirable effed (this is ixia viridis)^ . 

gtatb, We eroded the Hexen Rivier (Witches River^* 

which. 1 h as a pafiage through, the mountains, and job*®-' 
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the Broad River; this place is alfo remarkable for a hot 

hath. 

31ft, We paffed on to Ko Aree Rivier, where wc found 
many new plants; in particular, gerania and Jiapeluf. 

Nov. ad, ToKoekman’s Rivier, the banks of which are 
covered with thick woods, and furniflied with a variety 
of birds, which afforded us good fport. The trees were 
moftly of the mimofa nilotica of linn^eus ; the fpecies of 
the birds I have not yet determined, not being provided 
with books upon Ornithology to fettle one half of thofe 
which I collected on this journey. 

5th, We arrived at Swellendam, deferibed in my firft 
journey; and the fame day dined with the Land Droft, 
who is a juftice of peace, and collects different taxes from 
the peafants. After dinner wc purfued our route to Buf- 
felTagt’s Rivier, where is a place belonging to the Eaffc 
India Company. There they keep a few wood-c^ters, 
and from thence Ripply the wheelers 1 ( af; the C a PP*i con- 
?rtying their wood in waggons drawn by oxen: this place, 
I think, is about 150 miles from the Cape. Here we 
jefted five days for the benefit of our oxen, which had 
become very lean, and the Do&or got a frefh fet out of 
the Eaft India Company’s herd. 

10th, To Davenhoek’s Rivier, where wo remained all 
night,' and the next morning proceed on op* jour- 
The Do6tor imprudently took the, f<?r4t without 
;>when on a fndden,,he y and his horfe 
plimged^6lfJlfi0^4atnd, ears ipfo a pit# that had 
made by the ampkikw, which formerly in¬ 

habited 
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habited thofe riveis. The pit was Very deep, and fteep 
on all Tides, which made my companion's Tate uncertain 
for a Tew minutes; but, zf^ • 1-veral ftrong exertions, the 
horfe gained tlie oppofii- lide with his rider. 

12th, To Gaffer Kuyl’s Rivier. Upon our left hand, a 
few miles diftant, we had the chain of mountains before 
mentioned, which here take a N.E. direction. Their 
fummi ts terminate in a number of lofty, rugged pieces, 
which have an admirable effedr. Between this chain of 
mountains and the fca on the S.E. lies an extenfive coun¬ 
try, to appearance low; but when one travels acrofs it, it 
prefents a continued feries of hills and dales. The hills 
are quite fmooth and eafy of afeent, and covered with long 
coarfe grafs, which cattle feldom eat. On the declivities 
of thefe low hills grows the aloe Socotorina in large 
clumps, which when old have Rems about five or fix 
feet high, with only a few thick leaves on their tops, that 
at a diftance appear like bands of Hottentots. The pea- 
fants make great quantities of the gum aloes from the 
Tap of the leaves, which they fell at the Cape from two 
to fix pence per pound. There is a fine fpccies of an¬ 
telope, which inhabits only here, called by the peafants 
Bonte Bock; fomething larger than a fallow deer, very 
fhy, but not very fwift. 

15th, To Goud’s Rivier; which at that time was about 
10a yards broad, and the water came up to the feat of 
our 4 ddles. On each fide of this river lies an extraordi¬ 
nary tthCk of land, which in the Hottentot language jis 
called Caittf. It is a dry, burning foil, of a reddifh cojfrur, 

intermixed 
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intermixed with rotten rock, and intirely diverted of 
grafs; but enriched with an infinite number of evergreen 
ihrubs, both fmtefcent and fucculent: among the latter 
we found many new fpedes of crajjula > cotyledon , euphor¬ 
bia, portulaca , mefembryanthemum. We refolved to 
vifit the fea fhore, and particularly Moffel-Baay; when, 
late in the evening, we came to the houfe of an European, 
who received us very hofpitably. He was a native of 
Swedlfh Pomerania, about feventy years old; had been 
lhipwrecked on the coaft of England fifty years ago, and 
fpoke much of the hofpitality of the Englilh. He was a 
man of learning, and expreffed many fenfible reflexions 
on the tyranny of his native country, which had forced 
him to feek for an afylum in the defarts of Africa. His 
houfe was very mean, built of mud, and miferably fur- 
niflaed; not having a bed to lie on, though he had feveral 
hundred oxen •and fome -thoufahds Of fheep. 'He had a 
mwfo&t whefo huts wertPfftuated 

iowfidlsis fbldsy whore‘they kept feveral large fires all 
night long, to frighten away the wolves and tigers. 

‘*6eh, .We. came to'Moffel-Baay, which is very large, 
opehy iand‘ eszpofed to -the S.E. and E. The fhore is co¬ 
vered With flirabs-of various kinds; the greateft part of 
which were unknown to us, and many we did not'find 
ia$ower. To the N.E. of Mofl© 14 k&y has woody 
cowlfe^i waited Moutni<i’aas Land; w&afb woiMs, inter¬ 
cepted oiftd fredpkes, are<& large, that their 

extent is not jft&fis&iy known* Thefe woods are a great 
ireafure to the Dutch, and will be very ferviceable to the 
5 inhabitants 
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inhabitants of the Gape, when their other woods are ex- 
haulled. In them are numbers of wild buffaloes that are 
very fierce, and feme elephants; which renders travelling 
dangerous. We now directed our courfe Northward 
to the foot of the great chain of mountains, which we had 
again to crofs; it is there very broad, being a hard day’s 
march from one fide to the other. This pafs is called by 
the peafants Hartiquas Kloof. 

19th, We were feveral hours in afcending, and after 
defending on the other fide, we entered a valley, fur- 
rounded by lofty mountains: here we refted that night 
by a ftream of water, where we collected many curious 
plants. 

20th, We continued our journey through a difmal 
valley, where we faw neither man nor beaft; but our la* 
bour was generoufly rewarded by the productions of the 
vegetable kingdom, having found feveral new fpecies of 
plants, which for neatnefs and elegance exceeded any 
thing I had ever feen. At night we got dear of the 
mountains, but entered a rugged country, which the 
new inhabitants name Canaan’s Land; though it might 
rather be called the Land of Sorrow; for no land could 
exhibit a more wafteful profped; the plains confining 
of nothing hut rotten rock, intermixed with a little-red 
loam in the interlaces, which fuppotted a variety of 
Jmlhee, in their nature evergreen, but, by the 
fcordm&'*heat of the Sun, ftripped almpft of all their 
leaves. Yet notwithftanding the difagreeable afp©& 
Vox,. LXYI. . P P • • uf 
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of ibis trad, we enriched our colleaion by a variety of 
fuceulent plants, which we had never fecn before, and 
which appeared to us like a new creation. 

21 ft, To Great Thorn River, where we encamped un¬ 
der a large mimofa tree. During the night, we had 
feveral loud claps of thunder with rain. 

2 2d, We entered Lange Kloof, which is a narrow val¬ 
ley, not exceeding two miles at the broadeft, and in length 
about 100; bounded on the S.W. by the chain of moun¬ 
tains beforementioned, and on the North and Eaft by a 
lower ridge, which runs nearly parallel. It contains 
about feven or eight places, which are from twelve to 
twenty miles diftant from each other; the houfes arc very 
mean, without walls, confifting only of poles ftuck in 
the ground, meeting at the top, and thatched over with 
reeds. The people, however, are wealthy, poffeflmg 
large herds and flocks. The Hottentots are in general 
fervahtsto the Dutch farmers; who give them for wages 
'ftfeadk, and tobacco mixed with hemp; the latter, which 
" intoxicates them, they are extremely fond of. A few free 
'Hottentots ftift remain here, who live in their ancient 
’manner; but who are miferable wretches, having hardly 
any flock of cattle. , 

29th, To Kromme Rivier (that is, Crooked River) a 
1 ioftg, marftry vale, which lies much lower than the for* 
'MVaftdis bounded by a continuation Of.the ahovemen- 

20th, 
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30th, To EfTe Bofch, where we encamped that night 
in the open fields, clear of the woods, for fear of the 
lions. 

Dec. 1 ft, We entered a fine level country, bordering 
on the Eaftern Ocean, leaving behind us the chain of 
mountains before mentioned, which runs obliquely acrofs 
the country from the Atlantic to the Indian Ocean. At 
night we came to Zee-Koe Rivier, or Sea-Cow River, fo 
called, erroneoufly, from the hippopotamus amphibius , 
which formerly inhabited it, but is now almoft extirpated. 
We refted here eight days; in which time we ranged the 
adjacent woods and fields, where we greatly increafed 
our colle&ion. The river was frequented by a variety of 
water-fowl which afforded us good fport: there were 
numbers of thzphenocopterus ruber^pelicanus onocrotqlus , 
with many others, which we could not clafs, being un¬ 
provided, as I faid, with books of Ornithology. We 
lodged at the houfe of jacob kock, an old German, who 
ufed us with great civility. He had built a handfome 
houle, made gardens and vineyards, pofiefled numerous 
herds of cattle, and had upwards of a hundred Hottentots 
in his fervice, whom he employed in taking care of 
them. The face of the country changes greatly, being 
open, plain, and covered with verdure, extending many 
miles along the fea-coaft, containing feveral tribes of 
Hottentots. The rivers formerly abounded with the hip¬ 
popotamus amphibius ; but fince the Dutch inhabited thefe 
parts, they have almoft deftroyed them. They fhoot 

p p 2 them 
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them for their flefh, which they efteem equal to pork, 
their fat being much of the fame quality. The 
manner in which the Hottentots catch thefe animals 
is as follows: the banks of the rivers, as I have already 
obferved, are covered with almoft impenetrable woods; 
thefe animals in the day time lodge themfelves in the 
deepeft places of the river, and when night comes, 
make excurfions into the adjacent fields to graze, taking 
their courfe through paths, which they have made in 
the woods. In thefe paths the Hottentots dig large pits, 
which they cover over with boughs of trees and grafs; 
then hunting them out of the fields, the animals make 
full-fpeed towards the river, and fall into thefe pits; from 
whence they are unable to get out, on account of their 
great weight, and then the men come up with their 
lances and kill them. We found here a new palm, of the 
pith of which the Dutchman told us the Hottentots make 
brekdf but we could get no fatisfa&ory account of their 
method of making it.' We obferVed two fpecies; one 
about a foot and a half diameter in the Item, and about 
twelve feet high, with entire leaves; they appeared to be 
vefy old, and feldom bore fruit. The other fort had no 
item, with the leaves a little ierrated, and lying flat on 
the ground, which produced a large conical fructification 
abofit eighteen inches long, and a foot or more in cir- 
fcpiamofe, and under each of the Jquamse, is 
an thfe fize of a chefnut, of a'beautiful 

red colour, buthafl^id tafte. The male plant is fimil®? 

to 
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to the female, only not producing fruit, but bearing a 
JirobuluSy and containing the pollen , or male-duft, in fmall 
cells underneath its Jquama. In the woods here we 
found the euphorbia antiquorum forty feet high.. .The 
inhabitants obferve, that the honey found near thefe 
trees is unwholefome. Being ftill determined, to 
continue our journey about 150 miles further, directing 
our eourfe towards the middle of the country, and to re¬ 
turn to the Cape another way; I fumiftied myfelf with 
a fet of frefh oxen and a fortnight’s provifion; and#, 
Hlqcx gave us one of his fons for a guide and to ferve us 
as interpreter,%e beinga perfeft matter, of the Hottentot 

language. v . : • : v , 

gth, We took leave of our hofpitable friend* andde- 
parting to war ds the even?ng> we hopped that night at the 
houfe of JACOB van renneN, awealthy gyazier ^this ym 
thelaft Dutch place in this part of the country.* From 
hence we travelled through a rugged hilly country, co¬ 


vered with thick coppices otf evergreen trees y but the 
way was fo rough thatour wagons were4moft.^ 
piee$k ; fXo^ards noon we {^offed.C^ntoufs River* where 
we refteddfrmS the f heatf?|^f day ,QVfa 

pleafantt.the. ■ 

woods are frequented bu$dhe% 
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through a woody country, where we obfcrvcd numbers 
of butterflies, which appeared like thofe of India; but 
from the thickncfs of the woods we could not procure a 
lingle fpecimcn.' At night we came to Lory’s River, fo 
called from a fpecies of parrot, which is found here. 
We were vifited by feveral Hottentots, who came out of 
the woods armed with lances, but behaved very oblig¬ 
ingly, and llept by our fire all night; and we at the fame 
time entertained them with tobacco, of which they were 
exceedingly fond. 

i xth, We travelled over a pleafant country, diverfified 
with fmooth green hills, interfperfed with evergreens, 
and flocked with numerous flocks of the capra dorcas 
of linn/eus, equus zebra , and camelus Jlruthio ; which, 
together with the fine difpofition of the woods and 
groves, could not but charm us, who, for upwards of 
three months, had been climbing rugged mountains, and 
eroding fultrf defarts,' ! In 'the evening we came to Van 
^ta'ad’s Rivier, where we’ remained all night, and were 
vifited by’feveral Hottentots, who brought us milk in 
Ikdkets' nciade of fine reeds^ which they weave fo clofe 
that'they hold any liquid. 

12th, We eroded Van StaacTs Rivier, where there is 
a large Kraal, or Hottentot village, containing upwards 
it '200 inhabitants, who are podefled of great herds 
ofhiillocks’, but of no fheep. Thefe Hottentots were re- 
maficife^t^ellfrlhapeti, and ftouter made than any other 
Hottentots They 'are all$ tbfy bdld in 

1 ' 3 - encountering 
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encountering wild beafts,particularly the lion,v hichoften 
attacks their folds, and makes great havock. When this 
happens, all the young men of the Kraal go in purfuit 
of him, directed by fmall dogs, who follow* his feent: as 
foon as they difeover him in the butties, they irritate him, 
till he fprings out with fury and attacks them; when 
being all armed with haffagays, they often throw* twenty 
or thirty into his body at once; but it is common to lofe 
a man or two in fuch attacks. Thefe Hottentots w r ere all 
cloathed in crojjes, or mantles, made of the hides of oxen, 
which they drefs in a particular manner, making them as 
pliant as a piece of cloth: they wore the hairy fide out¬ 
wards . Their breaft, belly, and thigh s, were naked, except 
being crofted by a number of leathern ftraps round their 
middle. They had no other covering for their private 
parts, than a muzzle of leather exactly covering the ex¬ 
tremity of the penis , and fufpended by a leathern thong 
from their girdle, w*hich was commonly ornamented with 
brafs rings. Some had the Ikin of a fteenbock hung over 
their breaft, with the Ikin of its fore legs and hoofs be¬ 
hind, which they look upon as a great ornament; others 
had a buffalo’s tail, fattened to a girdle which ivas tied 
round the thigh; others a porcupine’s quill ftuck through 
each ear; others had plates of brafs of fix inches fquare 
fattened to their hair, hanging on each tide of their 
head; others large ivory rings round their arms, with 
feverai other ridiculous fancies too tedious to mention. 
The women were dreffed almoft in the fame lafte, except 
that a great number of fmall thongs of leather, fufpended 

from. 
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from their girdle, reached down to their knees, and in 
fome meafure concealed their nakednefs. They have 
captains or chiefs over each Kraal, who claim the greateft 
part of the herds; the others feem only to he fervants, 
though they have every thing in common, and pay 
little refpe£l,to their fuperiors. Thefe Hottentots are 
called Gunaquas, but were mixed with another people 
whom the Dutch call Caffers, who border upon Terra 
de Natal. They were all armed with haffaguays, of 
which every one had eight or ten in his left hand. We 
found here the true Cape jalTemine, or gardeniaftellata , 
and the coral tree, eretbrma corallodendron . The cli¬ 
mate here differs much from that of the Cape. They 
have no S.E. wind, which is fo troublefome there; their 
ftrongeffc wind is from the S.W. They feldom have rain 
in fummer, though often thunder and lightning; the 
clouds being attracted by the lofty mountains are fpent 
in fhowei^befoTe they 'the plaiht 

’t3th, i' 4 th, We made but very fhort ftages, employ¬ 
ing our ‘time in collecting plants, all of which were 
new: ' The buffalo is numerous in this country: it is a 
fierce animal, arid'larger than the biggeft of our Englifh 
oxen. In the day-time they retire to the woods, which 
renders it very dangerous to botanize there. We here 
faetirtWo lions for the firffc time, at about 4 or 5&0 yards 
but’they took no notice of us, keeping* their 
eyes Up^^'&hihp’ of the capra dorcas , which were 
feeding at dntaiibe feom them. We fliot two of 
the buffaloes which pfOVed good eating. 

1 15*, 
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15 th, To Zwart Kop’s Rivier, where we refted all 
night. 

x 6th, To Zwart Kop’s Salt-pan, where we remained 
moft part of that day. This Salt-pan is a lake feveral 
miles diftant from the fea, and upon an eminence. In 
the rainy feafon it is filled with frelh water, which, by 
the faltnefs of the ground, foon becomes ftrongly im¬ 
pregnated with faline particles; and when the fummer’s 
heat exhales the frefh water, the bottom of the lake is 
covered with a cruft of pure fait two or three feet thick. 
The lake is about three miles round, and furrounded by 
a riling ground, covered with a great variety of curious 
fhrubs,many of which proved new. Here we found fe¬ 
veral lingular infers, and among many others th zgryllus 
xoAcimex* 

17th, We travelled through a miferable parched 
country, covered with Ihrubs and fucculent plants of va¬ 
rious kinds; but the grafs was entirely burnt up by the 
heat of the Sun. We faw numbers of wild animals, and 
in 

Opeagha. We alfo obferved the print and dung of ele¬ 
phants and lions. At noon we came to Sunday’s River, 
where we refted a few hours, and confulted with our 
guide, whom we took from the laft Dutch place, abbut 
proceeding on our journey. But both he and our fervants 
refund to advance further; telling us, we were now on 
the bprdep of a powerful nation of Hottentots, called 
Calfers; wt*o, they fai'd, would kill us, were it only*o 
get the iron belonging to our waggons. In conj^peface 
of thefe remonftrances, and the bad ftate our carriages 
Vol. LXV 1 . Q ft were 
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were in, being ready to drop to pieces, and many of our 
oxen fick, we, with much reluctance, confented to return 
the fame way we came. 

20th, We arrived again at Sea-cow River, where we 
rapaired our waggons. 

24th, 28th, We proceeded homewards through 
Kromme Rivier and part of Lange Kloof; but being in¬ 
formed there was a hot bath about a day’s journey to the 
Northward, we determined to fee it, leaving our wag¬ 
gons and fervants in Lange Kloof. 

29th, Towards the evening we crofled the ridge of 
mountains on the North-fide of Lange Kloof, and at 
night came to a folitary cottage belonging to a Dutch¬ 
man, where we found feveral Dutch people, Who were 
going next day to the hot bath, to ufe the water. We 
were glad of their company, and travelled over the 
drieft country I ever beheld.. The plains Were covered 
with loofe Runes,' and not a blade of graft to bt feen 5 but 
we found many rare fpecies of crajpula , ftiefembryanthc— 
muM) and other fucculent plants. In fome places not a 
drop of water was to he found within thirty miles circuit. 
We could of courfe expedt to fee but few animals; thofe* 
were the copra-dorcas, equus zebra , kocdocs , and fpring- 
bocks. 

3,0th, At night we arrived at the* hot bath, which ft 
hti&afied at tide foot of a ridge Of dry mctahtaxfft: the wa¬ 
ter is very hot, and taftes Rrongly of if On, There 
is a Dutoh-rfedtement' about 300 yafds from the foun¬ 
tain, where they Rnat* their ’gardens etery night with 
S ‘the 
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the water, which at that diftance is ftill fmoaking. By 
this means they have all kind of garden vegetables in the 
greateft perfection. Next morning wo went up to the 
top of this ridge of mountains, which appeared like a 
mafs of rocks heaped one on top of another, where we 
had an extenfive view of the country, which appeared 
horrible, every thing being parched up, and even the 
beds of the largeft rivers entirely dry. We found here 
a fpecies of heath remarkable for having its branches and 
leaves all covered with a fine hoary down or nap, which 
we thought Angular in-that genus ; we called it erica to- 
mentofa . 

Jan. I ft, We returned to Lange Kloof, and next day 
•overtook our waggons; but many of our oxen were lick, 
having caught a difeafe which rages there amongft the 
horned cattle in fummer, and fo affeCts their hoofs that 
they often drop off, and great numbers die. This difeafe 
proves detrimental to the Dutch peafants, who live 5 or 
600 miles in the country, when they make a journey to 
the Cape. Their oxen are often feized with it in the 
middle of a defart, and fometimes muft remain there 
for a month till they recover* . This makes their jouP* 
nieS to the Cape long and difagreeable, efpedaily ’as 
they are obliged to take With them their wives and chil¬ 
dren, for fear of their being murdered by the Hottentots 
in their abfence. • \ 

3d, We came to Great Thorney River, where w& agaift 
parted with our waggons, in order to examine a large 
tra<ft of Carro, where it was improper to take 01* 

Q q 2, oxen 
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oxen on account of the fcarcity of w ater. Late in the after¬ 
noon we came to a peafant’s houfe, who informed us, he 
had a neighbour about four hours ride from his place, 
by whom we fhould be kindly received, and who would 
further direCt us on our journey. After having put us in 
the road, and given us fome directions, he parted with us, 
and we purfued our journey till fun-let, but found no 
habitation. We therefore concluded, that we had cer¬ 
tainly loft our way, and returned fome miles back, where 
we found a road which branched off another way. In 
this path we continued till one o’clock in the morning, 
having got into a difmal valley, inclofed on each fide with 
rugged precipices: at laft we found ourfelves in the 
middle of a thicket of thorn trees (mimofa nilotica) 
where we unfaddled our horfes and kindled a fire. We 
palled the night with little comfort, having eaten nothing 
all that day, but to opr great fatisfaCtion we heard the 
murmuring of a ftream, which we went in fearch of, 
,and found good water: our concern, however, was ftill 
gypalj for our poor horfes that had nothing to- eat. We 
fpentjthn night in gathering wood and keeping our fire 
up till day-light, when I climbed up a high precipice, and 
viewed the country. Here I collected feveral curious 
,pipits, geranium Jpinofum^ Jlapelia eupborbmde$\ and 
return,. we mounted our horfes, arid directed 
»©nr..jE?<>}K^ ) tOwards the high mountains, where we ex¬ 
pelled to relief, but were difappointed; for 

.after being parched, up with- infuppartable heat, we 
met not with a drop of water to quench our thirft 
a , . during 
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during the whole day’s journey. But towards the even¬ 
ing we happily dilcovered a houfe, where we were kindly 
entertained, and the next morning overtook our waggons 
in Hart wig’s Kloof; but our oxen were in a bad Rate, and 
one of them was quite unfit for fervice We continued 
our journey without any other remarkable event, except 
that of lofing more of our oxen by the above mentioned 
difeafe. 

1 ath, Came to Buffels Tagt River, where we refted 
feveral days, ranging the adjacent woods, where we found 
piany curious trees in bloom. 

29th, We arrived at the Cape Town, after a journey 
of four months and fourteen days.. 


THIRD JOURNEY. 

R. Feb. 29, Qept. 26, 1774, I fet out from the Cape 
177 * U Town, but by the badnefs of the weather 
was obliged to ftay all night at the Salt River, about 
two miles from the town, where there is a wine-hotlfei 
JE had in company only* two fervants, for driving my 
waggon and taking care of my oxen and horfe. 

27th, The morning being fine we travelled through 
tire great fondy plain (lying between the Cape Town and 
Hottentots Holland Mountains) great part of whidh^as 
under water. - In the afternoon we had heavy rain, when 

we 
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we crofied the Eerfte Rivier, and lodged all night at a 
farm-houfe under thofe mountains, were we found the 
whole country enamelled with flowers. 

28 th, 30th, The weather began to grow more plea- 
fant, the Sun Alining out with force; but fuddcn heavy 
fhowers much retarded our journey, confining us to fhort 
Rages along the foot of the Stellebofoh Mountains. 

OCt. ift, To Draaken Steen. 

ad, To Paarle Kerk, where I was joined by Dr. thun- 
berg. 

4th, We went up to the top of the Paarle Mountain, 
where we added greatly to our collection. 

5th, To Paarde Berg (Horfe Mountain). 

6th, We mounted to the top of Paarde Berg, where 
we found a treafure of new plants, which we had not 
feen before, and on the top had an extenfive view of 
the adjacent country, which is level, and has but a bar- 
rea» appearance; yet contains fevferal rich plantations, 
producing abundance of corn and wine; and the pea¬ 
sants live luxurioufly. Their plantations lie all around 
thesfoot of this mountain, which yields a number of fine 
rivulets," without which this country would be uninha* 
bited. 

7 th,We directed our courfe Northward, through alevel 
country covered with low fhrubs; but it beihg now fpring, 
it waofeh^ery where decorated with tflower& 6f the greateft 
beauty, every hour’s march producing new charms. 
At night wd ariivedht the foot of a mountain called Van 
Riebeck ? s Cafteel/ 1 Ther£'we legged at Mr. prayer’s, a 

wealthy 
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wealthy farmer, who treated uc in the moft friendly 
manner, and begged that we would favour him with our 
company for a month, which Ihould not coft us a far¬ 
thing. 

9th, We went up to the top of Riebeck’s Called, 
which is very high, and on the North fide inaccefllble. 
It is about four or five miles long, and very narrow on 
the top; we collected here many remarkable new plants, 
in particular a hyacinth, with floweis of a pale gold co¬ 
lour. 

10th, We came to the Rerg Rivier, which was then 
impalpable by reafon of the late rain. 

12th, With fome difficulty we tranfported, in a large 
boat, our waggons and baggage to the oppofxte fide, and 
afterwards obliged our oxen to fwim over. From 
thence we proceeded through a barren uninhabited 
country; confequently were obliged to content ourlelves 
with the fhelter of a large leucodendron , that proteaed 
us from the S.E. wind,, which at this feafon fometimes. 
blows cold. 

13th, We arrived at the foot of a mountain called 
Piquet Berg, lying, direa North from the Cape Town, 
being a particular place of obfervation of the Abb6 de la 
caille, when he meafiired a degree on the meridian in 
the year x 7 5 o. All around the mountain the foil is fandy, 
but fumilhed with a great variety of beautiful plants, 

elpecially ajpalathi. * 

15th, We mounted the Piquet Berg, which is very* 

high but eafy of afeent. On the top are fine plains co¬ 
vered 
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vered with excellent verdure, which are of great fervice 
to the peafants, who fend up their oxen during the fum- 
mer fealbn. We faw here feveral zebras and two colts, 
but they w ere very fhy. 

x8th, Wc came to Verloorc Valley, which begins on 
the N.W. fide of the Piquet Berg. It is a narrow extent 
of marflry ground, inclofed by hills on each fide, with a 
linall river, frequented by a variety of water fowl, 
which afforded good fport. Towards the fea, the river 
increafes in breadth, in many places upwards of a mile, 
and is very deep; there we faw hundreds of pelicans and 
wild geefe, which kept the middle of the river; but we 
lliot feveral wild ducks and water hens, which fwam 
among the reeds along the fide of it, 

23d, We arrived at the mouth of the Verloore River, 
where it is difeharged into the fea; but found the coaft 
barren, confifting of fandy hills, fo loofe that our horfes 
were fometimes up to their bellies, which made our 
journey very fatiguing- 

23d, We left the fhore on our left hand, and directed 
our couxfe Northward towards the mouth of the Olyfant’s 
Rivier, The heat became now great, which the white- 
nefs of the fand ftill increafed, and obliged us to travel 
late in the evening and early in the morning, refting 
ip. t^e middle of the day. It was alfo ROf a littfci fatiguing 
to*tmel l^re on horfeback, the mole-cafts b#pg fo deep 
that iSe hrafep, £ell up to their fhoulders every fix or fe- 
ven mmute§., t ^}u& animal is by the Dutch called Land- 
moll, hut differs fo much from the European mole, that 

it 
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it does not belong to the fame clafs of animals, but is 
intirely new. It feeds upon the roots of ixia, gladioli , 
antholyza, and irides, often grows to the fize of a rabbit, 
and by lome is efteemed good eating. There is another 
fpecies of the animal, called by the Dutch Bles-moll, 
which inhabits the hard ground; but feldom exceeds the 
fize of the common European mole. This country is fur- 
niflied with a great variety of elegant ftirubs; viz. enijla :, 
partia , and afpalatbi. At night we came to Lange Valley, 
where we took up our lodging in a defolate place, the 
inhabitants being all removed; for this is only their 
winter refidence, when the water is frefh, which had 
now began to be brackifh. 

124th, We fet out early in the morning, expecting to 
find a river or fountain, where we could reft during the 
heat of the day; but, to our no fmall difappointment, 
we travelled till noon without finding any: our oxen 
were fo hot that their tongues hung out of their mouths. 
About one o’clock wefaw a lake of water at fome diftance, 
but on our arrival our horfes refufed to drink: we dif- 
mounted,and found ittobea fait lake. In the evening we 
came to a fountain of excellent Water, Where we fpent 
the night with great comfort. Next mortiihg we were 
vifited by a peafant goihg to the Oape; who tfild us, he 
had been attacked in the night by a lion," which made a 
fpring at his Hottentot who led the oxen, but happily' 
milled him. He admonifhed us to be expeditious, and 
get to fofne habitation that night, otherwife we might 
ejcpedt a vifitfrom him. 

Vol. LXVI. H r 25*, 
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2,5 th, At noon we proceeded on our journey, the road 
continuing ftill very bad; and in patting along we faw 
the prints of the lion’s feet in feveral places. At night 
we came to Olyfant's Rivier, where we found a Dutch 
habitation; there we retted feveral days, being treated 
with great hofpitality. This country abounds with 
game. They have two kinds of partridges, which are 
exceedingly plentiful and eafy to fhoot; and a perfon 
cannot walk ten paces without railing a brace of quails. 
Their hares are of an extraordinary lize, but differ 
little other wife in character from thofe of Europe. We 

hunted every day, and by the afiittance of the peafant’s 
fon, who was an excellent markfman, never failed to come 
home loaded. The fteril appearance of this country ex¬ 
ceeds all imagination: wherever one cafts his eyes, he fees- 
nothing but naked hills, without a blade of grafs, only 
fraall fucculent plants. The foil is a red binding loam, 
intermixed with a kind of rotten fchijius or flate, Next 

morning we traverfed the adjacent hills, and were fur- 
prized to find all the plants entirely new to its. They 
were the greateft part of the fucculent kind; viz. mefem- 
bryanthemum> euphorbia, and Jlapelia , of which we 
found many new fpecies. The peafant told us, that in 
tyinter the hills were painted with all kind of colours; 

it grieved him often, that up perfect ,Qj§,kuow- 
le4g$ i^fapy.ha^ <per had an opportunity feeing his 

count^ feafon. We expreljed great fur- 

prize at feqip>gjfu9h ; iarg^ flocks pf Iheep, as he wa& f g>of- 
fefled of fubttftm fqch a defart; on which hq pbfqrved, 
7 that 
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that their fheep never ate any grafs, only fuccnlent plants, 
and all forts of fhrubs; ma!ny of which were aromatic, 
and gave their flelh an excellent flavour. Next day I 
pafled through a large flock of fheep, where I faw them 
devouring the juicy leaves of mefembryantbemum, Jla- 
pelia , cotyledon , and even the green feed veflels of euphor¬ 
bia ; by eating fuch plants they require little water, efpe- 
cially in winter. 

30th, We were employed in unloading our waggons, 
and tranfporting our baggage acrofs the river in a fmall 
boat; and afterwards drove over our oxen with theempty 
waggons, which were almoft overfet in the middle of 
it. The river is about forty or fifty yards broad, and 
in fome places very deep. The borders are covered with 
the mimofa nilotica , which forms a thick impenetrable 
wood. We were about a day’s journey from the mouth 
of this river, where are ftill fome elephants remaining, 
the country being very wild and uninhabited. We had 
now the great Garro to pafs; a defart of three days jour¬ 
ney, where no frelh water, and only three pits of bfackilh 
water, enough to prefetve the lives of our cattle, were to 
be found.' Thefe pits are at fome diftance from the road, 
which makes ft very difficult forftranger^'tO ffiid thfefti. 
But while we were ferilobfly'tbhfidering thefe approach¬ 
ing difficulties, thinking, if we fliould mil's the pits, we 
fliohld-probably perifh in this inhofpftabld defart, to our 
gr^a^jdy we were overtaken by a Boor, with his wife and 
children, #howere going the fame road; bttt'he Mvfttfg a 
frefh team of horfes, we could not keep ftp with ffim. 

R r 2 However, 
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However, he directed us in the way; and told ns, he would 
tye a piece of white doth on a branch of a tree, where 
lie knew there was water; but defired us not to go to 
thofe places without fire-arms, as there was commonly a 
lion lurking near them; who knowing that all the animals 
muft come there to drink, he feldom failed to feize his 
prey. At night we overtook our fellow traveller, who 
had taken up his lodging on a bare eminence, without a 
bulh to fhelter him; though at fome diftance there was a 
fmall wood of mimofa trees along the banks of a river 
that was then dry, which we thought much preferable 
to his fituation. But he told us, it was much more dan¬ 
gerous on account of wild beafts; and that there often 
fell fuch fudden Ihowers in the mountains, that peo¬ 
ple who had lodged by the rivers, had, with their wag¬ 
gons and oxen, been carried away in the night while 
they lay aileep. He left us early next morning, hut we 
were obliged to flay till noon to let our oxen feed, and 
then went on until fun-fet; but unhappily found no 
water, which mortified us much, having a long day’s 
journey to the next watering place. All next day 
we travelled over this thirfty land, where we fuffered 
from the heat of the Sun and want of water; hut our 
fufferings were ftill aggravated when we thought on 
oa^ ppor animals,, who often lay down in the yoke 

the day. This defart is extenfive; 
beingnbpnfi#<i the N. and N.E. by a chain of flat 
mountains, cafle&|^>d43hd’$ Bergen (Bockland’s Moun¬ 
tains) and on the W. anjLN.W. by the Atlantic Ocean* 
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It is uninhabitable in fummer; but in winter, or during 
the rainy feafon, the Bockland people come down, 
with their herds, which by feeding upon fucculent 
fhrubs, that are very fait, in a Ihort time-grow remark¬ 
ably fat. There ftill remains a great treafure of new 
plants in this country, efpecially of the fucculent kind,, 
which cannot be preferved but by having good figures, 
and defcriptions of them made on the fpot; which might 
be eafily accomplilhed in the rainy feafon, when there is 
plenty of frefti water every where.. But at this fea¬ 
fon of the year, we were obliged to m-ake the greateft 
expedition to fave the lives of our cattle, only collecting 
what we found growing along the road fide, which 
amounted to above 100 plants, never before defcribed. 
Towards the evening we arrived at the foot of Bockland’s 
Berg,, where we palled the night by a penurious ftream. 
of frefti water, but which yielded us no fmall comfort. 

Nov. ad, The peafant who had pafied us in the Carro,, 
as foon as he arrived at home, immediately fent two 
team of frefti oxen to help us up the mountain,, our 
own being much weakened by the heavy roads. In the 
cool of the afternoon we afcended by a winding road, 
which was fo very rugged and fteep, that it took, 
five hottentots- with ropes made faft to the wagjgoft to 
keep it from overturning., The face of the mountain 
co nii fts intirely of fcattered rock,,being accefiible only in 
this place,, and is overgrown with a great variety of large- 
woody* plants, molt of which were new.. W& fbtind-. 
a new fpeties of aloe here,, called by the Dutch KbkfeU' 

Boom* 
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Boom, of which the Hottentots make quivers to hold 
their arrows; it being of a foft fibrous confidence, which 
they can eafily cut out, leaving only the bark, which is 
hard and durable. Thefe trees were about twelve feet 
high, with a ftrait fmooth trunk, about ten inches or a 
foot diameter and five or fix feet in length, which divided 
into two branches; and thofe were again fob-divided into 
two more branches, which terminated in a bunch of thick 
fucculent leaves furrounding the ftem, fpear-lhaped, en¬ 
tire, without fpines, and hanging down like the leaves of 
dracaena draco . We did not fee it in flower, but by the 
above chara&ers took it for a new fpecies, and called it 
aloe dichotoma. We gained the top of the mountain, 
and entered into Bockland, which is extended along the 
fummit for many miles. It is pretty level, but very 
rocky. We enjoyed a pure cool air, it being feveral 
degrees colder here than in the Cairo. Bockland lies 
nearly in'a Northern direction from the Cape, and at 
th£ diflknee df about a a 0 miles. It Was called Bockland on 
account Of the amazing quantity of fpring bucks which 
were formerly -found there; but fince this country has 
beehinhabited by*EtlrOpeans,it hasceafed to be the fettled 
refidence; at leaft, the nutnber of thofe which conftdntly 
remain in it is very inconfiderable. It generally happens, 
hdwever, once in feven or eight years, that flocks of many 
hi&liip6d' tWbufands come out of the interior parts of 
Africa? ( fpffe&diflg Over the whole country, and not leav¬ 
ing a a’fhrub. The peafhnts are then 

obliged to guard their cBm fields night and day, other- 
wife thofe animals would caufe a famine wherever they 

pafTed. 
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paired. It feems probable, by the accounts of thefe 
extraordinary emigrations, that their natural habitation 
is in the interior parts of Terra de Natal; and that they 
are forced Southwards by dry feafons, which happen 
fometimes in thofe regions to fuch a degree, that not a 
drop of rain will fall for two or three years together. 
Thefe great flocks are faidto be always attended by lions; 
and it is obferved, where a lion is, there is a large open 
fpace. We faw feveral flocks, but not exceeding twenty 
in each. We met a party of Dutchmen, who had been 
about 150 miles to the Northward of Bockland, deftroy- 
ing the Bofchman Hottentots. They informed us, they 
had feen great flocks of the fpring bucks; but there 
happening much rain, which had recovered the grafs 
and vegetation, they had been obferved to change their 
courfe, and return to the interior parts of the country. 

3d, 4th, We continued our journey along this ele¬ 
vated tradt; having on our right hand, or South-fide, 
the precipice, which is inacceflible; and on the North- 
fide, a defolate hilly country, inhabited by a few wan¬ 
dering tribes of the Bofchman Hottentots. At night 
we came to the place of our benefactor, whole name 
was klaas losper; he was a very opulent man in th<pfe 
parts, having upwards of .12000 flieep and 3000 bul¬ 
locks. Molt of the plants that we colledted here were 
new; ^nd, I believe, many more remain, this having been 
the dpy, (eafon, when molt of the flowers were gone. , 

6th,, We t dire&ed our courfe Northward, through, a* 

dry, barren country,, called Hantum; and .on 

. r, came. 
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came to the laft Dutch habitation on this fide of the coun¬ 
try. As we pafled along we found many new plants 
growing near the banks of rivers, which were then quite 
dry; but the foil confifted of nothing but rotten rock. 
The hills were of the fame fubfiance, all of a conical 
figure, and entirely covered with pieces of rock, about 
the fize of a man’s fift. We continued leveral days at this 
habitation, where we were well entertained. They had 
'excellent bread, good mutton, butter and milk, but no 
kind of ftrong liquors. We made feveral enquiries about 
the country lying to the Northward; and were told, that 
it had been formerly inhabited by Europeans near a 
hundred miles further, who at firft had greatly increafed 
their herds; but that fome dry feafons coming on after¬ 
wards, they had been forced to return: the country there¬ 
fore was fuppofed to be uninhabited, except by the wan¬ 
dering Hottentots, who feldom ftay above a month in a 
piace. This place is about 350 Englifh miles North from 
the Cape of Good Hope. We now changed our courfe, 
going directly S.E. through an uninhabited country much 
like the former, furrounded by high mountains, flat on 
the tops, and forming what the peafants call Table Moun¬ 
tains. I never faw the fmalleffc rivulet or fountain ifiuing 
from them; all the water that we found being that which 
w$s left ftagnant in the deepeft parts of the rivers, that 
by the rain in the winter feafon, which rivers, 
towar#>(^dfujpomer, in other places become entirely dry. 

14th, To Rhinoceros Rivier. Here we faw great 
herds of zebras, and were informed by three Dutchmen, 
who pafled us on horfeback, that this place was fre¬ 
quented 
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quented by a large lion; and, as a proof, they Are wed 
ns a zebra, which he had lately killed; alluring us, if we 
Rayed all night there, he would pay us a vifit. We tra¬ 
velled about ten miles further, and at night faw a flock 
of flieep and fome bullocks, which greatly animated us, 
expecting to find fome habitation where we might fliel- 
ter ourfelves during the night; but, when we came to the 
place where the fheep were, we found a Dutchman with 
his wife and feveral young children fitting under the 
flielter of fome bullies, which they had formed into an 
alcove, to Ikreen them from the heat of the Sun. We 
flayed here all night, and the man alked us to fup with 
them; which we did, and made them a prefent of fome tea 
and tobacco, which they thankfully received; and the 
next day the hulband faddled his horfe, rode fix or feven 
miles with us, and gave us very good dire&ions how to 
proceed in our intended courfe. 

16th, We afeended a flat chain of mountains, called 
, Rogge Velds Berg, where we found the road extremely 
rugged. Rogge Veld extends along the fummit of a 
high ridge of mountains, running obliquely acrofs the 
country fotf feveral hundred miles. It is very arid, except 
in fome vallieS, Where the Dutch peafants h^ve their ha¬ 
bitations; but the general faeeof the country isro<±.' The 
foil is a red ochrey loam; it binds very hard in fummer, 
and is in moft places fait, which caufes bad water. There 
is not a tree in the whole country, unlefs we Ihould fo 
call a few miferable Ihrubs, and of thefe the largeft not 

Vol. LXVI. S f exceeding 
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exceeding two feet in height. The air is very fliarp, and 
in winter they have froft and fnow for feveral months, 
which obliges the Boors to remove, with all their flocks 
and herds, down to the Carro, or lower defarts, where 
they fpend the winter; and at that time have plenty 
of frefh water, and all the fhrubs green, which afford 
food for their cattle. They remove down in the begin¬ 
ning of May, when they have fown their corn, and re¬ 
turn about the latter end of October, when the low coun¬ 
try becomes parched, and the water turns fait, or is en¬ 
tirely dried up. All the game and ferocious animals ob- 
ferve the fame removes. The ancient inhabitants of 
this country, called by the Dutch Bofchmenfchen, are a 
favage people and very thievifh; often carrying off 700 
lheep at a time, and killing their fliepherds. They ufe 
bows and arrows, and poifon the arrows with the venom 
of ferpents mixed with the juice of a fpecies of euphor - 
hia y which we had no opportunity of feeing. Thefe 
HotteiYtots have neither flocks or herds, nor any fixed 
habitation, nor even fldns to cover them; but live in the 
cavities,of rocks, like baboons. Their common food is 
roots of plants, many of which we have not been able to 
difeover. T^hey eat fnakes, lizards, fcorpions, and all 
kind of reptiles. There is a caterpillar which pro- 
flhiees a very large moth, and is found commonly on the 
Thefe are found in great plenty, often 
ff f qfj all their leaves, and of them the Hot¬ 

tentots mato vfejtyf, a deficient meal. They alfo eat the 
1 eggs 



JOURNEY III. 315 

eggs of a large fpecies of ant, which they dig out of the 
ground in great quantities, waiting them in water, and 
afterwards boiling them. They are commonly called Hot¬ 
tentot’s rice. This is an excellent country for flieep; 
but the inhabitants breed few oxen, and thofe only for 
their own ufe. We found few plants here; but thofe 
we found were all new. I did not fee an erica or protea 
in the whole country. 

2 2d, The ground was white with frofl, and the 
wind fliarp. At firft we propofed to continue our jour¬ 
ney along the top of thefe mountains to the N.E. ex¬ 
tremity ; but our waggons were fo Ihaken by the rug- 
gednefs of the road, and our horfes and oxen fo tender¬ 
footed, that they became unferviceable, and we were 
obliged to drive them loofe a great part of the way home. 

Dec. 2d, We thought of defeending the mountain, 
-and directing our courfe to the Cape; but it blew a 
violent ftorm, and was extremely cold. The next 
morning the ground was white with froft, and there 
was ice upon the pools as thick as a crown piece. This 
alarmed the peafants, their wheat being then in blof- 
fom, which they expected would be entirely de¬ 
stroyed: a dreumftanee that often happens in this 
•country. 

3 d, We were furnifhed with frefh oxen, and feveral 
Hottentots, who, with long thongs of leather fixed to 
the hpper p^rt of our waggons, kept them from over- 
turniilg, While We were obliged to make both the hind 
• S f 2 wheels 
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wheels faft with an iron chain to retard their mo 
tion. After two hours and a half employed in hard 
labour, fometimes pulling on one ijde, fometimes on the 
other, and fometimes all obliged to hang on with our 
whole ftrength behind the waggon, to keep it from run¬ 
ning over the oxen, we arrived at the foot of the moun¬ 
tain, where we found the heat more troublefome than 
the cold had been on the top. We now entered a 
large divilion of the Garro which lies along the foot of 
the Rogge Veld’s Mountains, being a defart of four days 
journey, with no more than three pits of brackifh wa¬ 
ter to be found in all that extent, which was at this 
feafon forfaken by every living creature; but in winter 
it is the habitation of the Rogge Veld Boors, as I ob- 
ferved before. 

5 th, To Unlucky River, called fo from a man having 
been there formerly devoured by a lion. We remained 
here a day to reft our oxen, having found a pit with 
brackifh water, and fome reeds, which the oxen de¬ 
voured with greedinefs. 

8th, About eleven o’clock at night we got clear of the 
defart, and arrived at the foot of the Bocke Velde moun¬ 
tains,, where we lodged by a rivulet of pure frelh water; 
and we Jpent the remainder of that night and part of 
next day in great luxury. 

To Verkeerde Valley, where we relied three 
days, having found good pafture for our oxen, and a large 
lake of ftdhwater* well Rocked with water-fowl. We 

Eved 
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lived on wild ducks and fnipes, though the fields 
abounded alfo with korhaans (a kind of buftard), par¬ 
tridges, hares, 8cc. and great flocks of oftriches. 

15th, To Hexen Rivier, which runs along a narrow 
paflage through the great chain of mountains, between 
Rood Land and Zwellendam. This valley is inclofed 
on each fide with impalpable mountains, whofe tops 
were ftill covered with fnow. There are feverai very 
genteel habitations in it, where we got fome wine and 
excellent fruit. We found many rare plants on the fides 
of thefe lofty mountains; and, I believe, there Hill re* 
main many more entirely unknown to us. 

18th, To Breede Rivier (Broad River). 

1 2d, To Rood Land, 
a 6th, To Paarde Berg, 
aflth,. To the Cape Town. 
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SSW 2 Fair. 

SW 2 Fair. 

SW 2 Rain. 

SSW 1 Rain. 

SSW i Rain. 

WSW 2 Cloudy. 

WSW 2 Fair, 

N 1 Fine, windy night. 
WNW 1 Fine. 

SE 1 Cloudy. 

SE 1 Fair. 

WSW 1 Fair, windy night. 
SW 2 Fair. 

SW 2 Rain, windy night. 

SW * 2 Fair, windy night. 
SW 1 Fair. 

W x Fine. 

W 1 Fine. 

SW 2 Cloudy, windy night 
SW 1 Fair. 

SW 1 Fine. 

SW 1 Fair, 

SW 1 Fair. 

SW t Fair. 

WNW 1 Fair. 

WNW a Fair. 

WSW x Cloudy. 

NNE 2 Fine. 

S x Fair, 
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■ 

Time. 


gjS 


i 



1 

H. M. 

■B 

SB 


m 



Feb. 17 

8 

O 

38,0 

44,5 

29,70 


wsw 

I 

Fair. 


2 

O 

45,5 

45 ,° 

29,83 


ws w 

1 

Fine. 

18 

8 

O 

35 ,o 

4 i ,5 

30,07 


wsw 

I 

Fine* 


2 

O 

46,5 

44,0 

30,15 


WNN* 

1 

Fine. 

J 9 

8 

0 

43,5 

42,5 

30,12 

0,018 

N by W 

1 

Fine* 


2 

0 

48,5 

44,5 

3 0 ,27 


N by W 

I 

Fine. 

20 

8 

0 

44,5 

43,5 

3°,37 


ssw 

1 

Fair. 


2 

0 

53 ,° 

46,5 

3 °, 34 


sw 

2 

Fair. 

21 

8 

0 

47,5 

47 ,o 

3 °, *8 

0,010 

sw 

2 

Rain. 


2 

0 

49,5 

49,0 

30,17 


NNW 

2 

Rain. 

22 

8 

0 

35,5 

43,5 

30,48 

0,0x6 

SSW 

I 

Fine. 


2 

0 

48,5 

46 0 

30,48 


WNW 

I 

Fine. 

23 

8 

0 

40,0 

43,5 

30,30 


SSW 


Fair. 


2 

3 ° 

48,5 

45,5 

30,19 


SW 

I 

Fair. 

24 

8 

0 

49 0 

47,5 

3 °, 11 

0,058 

sw 

I 

Cloudy. 


2 

0 

5i,5 

49,5 

3 o,n 


sw 

I 

Fair. 

r 25 

8 

0 

40,0 

47,5 

3°>°4 


s 

I 

Fine. 


2 

0 

50,0 

49,0 

30,00 


ssw 

I 

Fine. 

26 

8 

0 

37,5 

45,5 

30,08 


NE 

I 

Fair. 


2 

0 

52,0 

47,5 

30,08 


SSE 

I 

Fine. 

27 

7 

45 

35,° 

44,5 

3°>*4 


NNE 

O 

Fair. 


2 

0 

53,5 

40,5 

30,14 


sw 

I 

Fine. 

28 

8 

0 

39,° 

45 ,o 

30,09 


s 

I 

fair. 


2 

0 

54,0 

47 >° 

30.07 , 


ssw 

I 

Fine. 


* So it is in the written journal, probably for W NW. $. Horsley. 
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FOR ONE YEAR* 


BEGINNING WITE THE MONTH OF MARC&, 177 S’* 


A Committee of the Society lately appointed to regulate certain matters relating' 
to Meteorology have determined, thatthe Society’s Meteorological Year (hall, 
from this time forward, commence with the month of Marchj to the end^. 
that every fuch year may confift of one entire funamer and one entire winter,, 
rather tha n of the pieces of two different winters with the entire fummer 
intervening, as muft always be the cafe when the Meteorological Year, in* 
conformity to the civil reckoning, begins with the month of January, 

S. HORSLEY*. 
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Time. 

Therm. 

without 

Therm 

within. 

Sarom. 

» 

Rain, 

Winds. 

Weather, 

H.M. 



Inches. 

Inch. 

Points, 

Str. 

I 

7 0 

3 8 ,5 

4 6 , 0 

30,00 


ssw 

1 

i 1 air. 


2 0 

56,0 

49,5 



s 

1 

Fine. 

2 

7 0 

43,5 

48,5 

29,80 

0,190 

sw 

0 

1* ai r, 


2 0 

5°, 5 

5°>5 

29,75 


W by S 

1 

V me. 

3 

7 0 

39,° 

46,5 

29,72 


SW 

1 

ban-. ‘ 


2 O 

44 ,o 

48,0 

29,76 


w 

I 

Rain. 

4 

7 0 

3«,5 

44 ,o 

29,34 

0,074 

SE 

1 

Rain, 


2 0 

47 ,o 

46,5 

29,07 


s 

1 

Rain, 

5 

7 0 

41,0 

45,0 

29,07 

0,095 

NE 

1 

I- air. 


2 0 

43,0 

46,5 

29,23 


N 

I 

Rain* 

6 

7 0 

3 °,° 

44,5 

29,54 

0,295 

SSW 

1 

F air. 

*7 

2 0 

7 0 

Sh 0 
3 8 ’° 

47,0 

45,5 

29,53 

20,66 

0,010 

ssw 

sw 

1 

1 

I- air. 

Fair. 

/ 

r 0 

49,0 

f 7>5 

29,66 


ssw 

1 

Fine. 

8 

7 0 

35,5 ! 

44,0 

29,60 

o a °8 71 

s 

t 

Fine. 


2 0 

46,0 

46,0 

29,47 


WSW 

X 

Fair. 

O 

7 0 

46,0 

44,5 

2 9,75 


S by W 

1 

Cloudy. 

7 

j 2 0 

S 4 ,o 

47,5 

29,70 


S by E 

2 

Fine. 

10 

; 7 0 

42,0 

48,0 

29,61 

0,169 

SW 

1 

Fair. 


2 0 

50,5 

49,5 

29,71 


w 

1 

Fair. 

11 

7 0 

43,5 

47,5 

29,865 

0,046 

ssw 

2 

Rain. 


2 0 

47,5 

48,5 

29,57 


Ssw 

2 

Rain. 

n 

i 7 0 

46,5 

48,5 

29,40 

0,294 

W by S 

% 

Fair. 


2 0 

■ 50,5 

50,5 



W 

2 

Fine. 

13 

! 7 0 

39,5 

46,5 

30,02 

0,053 

W 

I 

Fair. 


1 2 0 

47 ,o 

48,0 

30,27 


NE 

% 

Fair, 

14 1 0 

33 ,o 

43 ,° 

30,60 


SSW 

X 

Fine. 


2 0 

46,0 

44,5 

30,61 


W by S 

X 

Fine. 

i« 

7 0 

' 33 >° 

42,0 

mm 


WSW 

I 

F me. 


2 IO 

■ H? 

44 ,o 

30,58 


SW 

I 

Fine. 


7 c 

l i ? 3 >° 

42,0 

30,52 


SSW 

X 

Fine. 


2 C 

it- 49,0 

44,5 

30,44 

i 

NNW 

I 

Fine. 


METE- 
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for 1775. 



rime.' 

Therm ’ 
without 1 

Theim. 

within. 

Barom. 1 

tlain. 

H 

I 

Weather. 


1 .M, 

■II 


[nches. 

Inch. 

Points. > 

Str. 

>r. 1. 

a 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

*3 

M 

i« 

1 0 

3 0 
7 20 

2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 *5 
2 0 

i 7 0 
2 0 

2 0 
2 0 

7 0 
2 0 

7 0 
2 c 
; 12 c 
2 c 

1 7 c 
2 c 

• 7 c 
2 c 

> 7 c 

2 C 

> 7 if 

2 C 

3^>5 

48,0 

37 >° 

55 ,o 

38.5 

54.5 
46,0 

53 ,® 

39.5 
54 ,o 

38.5 

54.5 
46,0 

52, 0 

45 »o 
57*5 
42,-s 

5 0 .5 

43 , 0 
56,0 

■ 45,5 

> 57,5 

> 45 ,o 
’ 54,5 

> 46,0 

> s6,o 

> 43,0 

> 62,0 
) 5o,o 

V JJ 2>5 

5 4 ?,° 

> 57-5 

40,0 

43 ,o 

42,0 

45,0 

44.5 
49»5 
48,0 

5°,<7 

47 ,o 

49.5 
47 ,o 
51,0 
50,0 

5«,5 

49,0 

50,0 

47.5 
49 >5 
47 ,o 

49.5 
48,0 

52,0 

49,0 

5 i *5 

50,0 

5 2 »5 

49.5 
54 ,o 
52,0 

S 3>5 

50.5 

. 54,0 

29,94 

30,07 

3°, x 9 

30.18 

30.18 

30,13 

20,00 

3000 

30,20 

30.22 

30.23 

30.23 

30.27 

.30,31 

130.36 

30.36 | 
3 °> 3 6 
30,355 

30.28 

30.24 
30,16 
30,13 

30.20 
3 °, 22 
30,26 
30,26 

30.21 

3 °,°; 

29.68 

29.69 
29,50 

Ml 

0,407 

SW 

NE 

S 5 W 

wsw 

wsw 

SW 

S by W 

w 

NW 

NNE 

SSE 

NE 

NNE 

NE 

NNE 

NNE 

N 

N 

N . 
N by E 
SWtyW 

NE 

NEbv I 

s 

NE 

S 

s, 

S by W 
W by S 
' SW 

N by Vi 

1 

1 

0 

1 

0 

1 

1 

1 

X 

1 

X 

X 

X 

% 

a 

fc 

X 

l 

l 

X 

1 

I 

X 

; X 

X 

X 

X 

% 

% 

I 

X 

r I 

Fair. 

Fair. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Rain. 

Fine. 

Fine* 

Fine. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Cloudy. 

Fine, 

Fair. 

fair. 

Cloudy. 

fair. 

Cloudy. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine, 

Cloudy. 

Fair. 

Rain. 

Fair, 
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■ 

Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 




Inches. 

Inch. 

Points. 

Str. 

Apr. 17 

x8 

1 9 

20 

21 

22 

23 

‘ 24 

25 

26 

27 

28 

29 

3° 

1 

SO, $ 

5 9 ,° 
47,0 

5^,5 

41,0 

53.5 
40,0 

'59>° 

47,° 

60,0 

5o,o 

59,o 

45.5 
54,o 
48,0 
62,0 

5°,° 

60,0 

53.5 
72,0 

S2*° 

73>° 

55>° 

79>° 

■02,0 

83.5 
62,0 

•1 74,° 

53-° 

55»5 

53,o 

54.5 
50,0 

52.5 

48.5 

51.5 
49,0 

53.5 
52,0 

55.5 
53,° 

54.5 

53.5 
57,o 
55,o 

57.5 
56*5 
61,0 

55.5 
03,5 

57.5 
6 S ,° 

62.5 
69,0 

6*5 

69,0 

29,625 

29,625 

29,585 

29,59 

29,63 

29,725 

29.98 
20,02 

29.99 

29,90 

29,61 

29,59 

29,71 

29,85 

20,02 

30,08 

30.19 

20.20 
30,18 

30,°9 
3°,°i 

30,06 

20,06 

30,02 

20,0a 

30,00 

30,01 

0,025 

0,118 

0,016 

0,116 

1 

0,386 

WNW 
N by W 
W by S 
W by S 
W by N 
W by N 
SSW 

S 

E 

ESE 

S 

SW 

sw 

SW 

SSW 

NW 

SW 

SSW 

s 

s 

ENE 
ESE 
NE 
SW 
'SE 
S'Jby E 
SE ' 
W 

I 

I 

I 

I 

I 

X 

I 

I 

I 

I 

0 

I 

I 

I 

I 

I 

I 

I 

I I 
I 

I 

I' 

t 

l 

l 

l 

l 

I 

Fine. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Rain. 

Fair. 

Fine. 

Fair. 

Rain. 

Fair. 

Fair. 

Fair. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine, 


Vol. LXVI. U u 
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May 1 7 

2 

2 7 


o 54.5 
o 62,0 

° 5*)5 
o 68,5 

0 53,5 
o 69,0 
o 50,0 

o 73,0 
o 57,0 

o 68,0 

0 49)5 
o 60,5 
o 56,0 
o 67,0 
Q 55)5 > 

0 .63,5 

o 56,0 
o, 67*0 

0 5?)5 
o 6x,o 
o 49,0 

p 5 i>° 

o 48,5 

0 5 i )5 
o 49,0 

0 59)5 
o 48,0 

o 64,5 

o 48,5 
o 66,& 
o 152,0 
o 68,5 


8 arom. 

Rain. 

Inches. 

Inch. 



63 ) 5 

63,0 

60,5 

63;5 3°)4° 

60,5 30,32 

64>° 3°)*3 
57)5 30,06 

6 5 >S 29,95 

02,0 29,68 

6 4 ) 5 29,74 

57)° 29,96 

1 59)° 3°)° 6 
57)5 3°) x 4 
61)0 30,13 

59)° 3P>°° 
6a, $ 30,02 

5j?)° 30,08 

63,0 30,08 
60,0 30,05 

60.5 30,09 
5S>° 30)19 

5j7>° 30,18 

55,0 30,05 

56.5 30,02 

54.5 30,12 
5^)0 30,15 

54.5 30,26 

57,0 30,26 

58.5 3°, *7 

61.5 30,11 

57>5 3°)02 

61,0 [29,86 


NW 1 
N 1 
SSW I 
W i 
SSW i 
NW i 
NE x 
S by E 1 
WSW 1 
SSW X 
0,232 N 2 
NW 1 
SSW 1 
SSW X 
0,039 W i 
, W by S 2 
W by S x 
SSW 2 
N 2 
NW 2 
N x 
N. x 
W 0 
W I 
0,058 NNE x 
E by N , j 
NNE 1 
NW 1 
W by S 1 
N by W 1 
WNW 1 
W by S a 


Cloudy, 

Fair. 

Fair. 



4 
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rime.' 

rherm 

without 

rherm. 

within. 

Barom.J 

Slain. 

Winds. 

Weather. 

ELM. 



Inches. 

Inch. 

Points. 

Str. 

May 17 

18 

19 

20 

ai 

32 

23 

24 

25 

26 

27 

28 

29 

3° 

3 1 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 20 
2 0 
7 0 

2 O 

7 0 
2 0 
7 0 
2 o 1 

7 0 
2 0 

7 0 
2 6 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 c 

7 e 

.JLi 

51. 5 
61,0 

47,° 
55, 0 
46,0 

55.° 

43,° 

5 2 .5 

48.5 

62.5 

5*>5 

58,0 

5°>° 

1 5^,5 
48,0 
65,0 1 

52. ° 

ss>° 

5*,° 

50.5 
49,0 
64,0 

55.5 

67. ° 
57,o 

68, s 

58.5 
' 7°, 6 

1 59, 0 
>1 74,5 

59.5 

60.5 

54,0 
56,0 
53,° 
55,0 
50,0 

52.5 

51.5 
55,o 
S5,o 

5 7,5 

ss 

54.5 
5 8 ,° 
57,o 

58,0 
56,0 - 

57,o 

5S,o 

58,0 

57.5 

60.5 
6o,a 

63.5 

62.5 1 

64.5 

62.5 

1 &7,° 

29,81 

29,81 

30,06 

30,12 

20,00 

29,92 

3°,°3 

3°,X2 

30.20 

30.21 

30.24 

30.25 
30, 18 

3°, 11 
29,99 
29,885 

29, 8 3 
29,88 
30,06 
3°, 1 4 
30,24 
3°,27 
3°,34 
.30,37 
30,43 
3d,4* 
3 d ,3 8 
30,37 
30,34 
30,3i 

0,171 

6,652 

NW 

NW 

N 

NNE 

wsw 

N 

N 

N 

WSW 
W by N 
NE 
ENE 
NE 
ENE 
ENE 
SE 

NNW 

N 

N 

NEbyN 

NW 

NEbyN 

W 

N 

SW 

WNW 

s£ 

SE 

ssw 

NNE 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

l 

I 

I 

I 

I 

I 

I 

I 

I 

, 1 

I 

1 

I 

X 

Fine. 

Fine. 

Fair. 

Fine. 

Rain. 

Rain. 

Fine. 

Fair* 

Rain* 

Fair. 

Fine. 

Fair. 

Cloudy* 

Fair. 

Cloudy. 

Fine. 

Fair. 

Fair. 

Fair. 

Rain* 

Pair. 

Fine. 

Fairi 

Fair! 

Fina 

Fair* 

Fine* 

Fine* 

Fair. 

Fine. 


M ETE 1 - 
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H. M. 


Inches. Inch. 



Weather. 



ENE 
E 

NNE 
NE 

NE 1 
NE 1 
NE 1 
E by N 1 
E by N 1 
Et>E 2 
E by N 1 
E bv N 1 
OjOio NtfE i 
E by S 1 
o,ojo ENE x 
" S 1 
E by t<I 1 
SE . 1 
SSE - 
SE 

0,078 NNE 
ENE . 
0,12a SSE 0 
SW 1 
ESE x 
S 0 
NEbyE o 
E by N 1 
NE 1 
NW r 
N 
N 
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Rain, I Winds. 


Inches. 


June 17 7 
2 

18 7 


24 7 
2 

25 7 
2 


27 7 

2 

28 7 
2 

29 7 
2 

3 ° 7 
2 


0 60,0 65,5 

o 78,0 70 0 

0 58,0 66,0 

0 76,0 69,5 

o 59,0 65,5 

0 67,5 68,5 

o 62,0 65,0 

0 77>° 7°>5 

0 61,0 66,0 

0 77 o 69,5 

0 65,0 69,0 

0 78,0 73,0 

0 65,5 69,5 

0 72,0 72,0 

0 60,5 68,0 

0 62,0 68,5 

0 56,5 6 5>° 

0 67,0 66,0 

0 58,0 64,0 

0 69,5 66,5 

0 57 >o 63,5 

0 66,0 64,5 

0 57,0 61,5 

0 59 >$ 62,5 

0 58,0 62,5 

0 63,0 64,0 

0 59,0 64,5 

o| 67,0 65,5 


Weather. 


ENE 

SSW 

NE 

NNE 

NE 

NNE 

SW 

wsw 

NW 

w 

SW 

wsw 

wsw 

wsw 

w 

SW 

0,028 SW 

wsw 

NNE 

NNE 

NNE 

NE 

E by N 
SSE 
o ,373 SE 
SWbyW 
0,637 W 
* SW 


1 Fine, 
o Fine. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

I Fair. 

1 Fine. 

1 Fair. 

1 Fair. 

2 Fine. 

2 Fair. 

2 Fair. 

x Cloudy. 
1 Rain. 

1 Fine. 

1 Fair. 

1 Fair, 
x Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Raih. 

1 Fine, 

1 Rain. 

1 Fair. 

1 Fine. 
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h.mJ 


July 1 7 
2 

2 7 


o 59 j 5 
o 71,0 
o 6 q,o 
° 67,5 
o 61,0 
O 73,0 
o 01,0 
0 69,5 
o 64,0 
O 73,0 
o 62,5 
o 68,0 
o 58,0 
o 64,0 
o 58,0 
o 76,5 
o 61,5 

o 7 s , 6 
o 164,5 

O 7 °,S 
o 62,0 

0 68,0 

0 63,5 
o 59 ,° 
0 60,5 
0 68,0 
o 62,0 
o 64,0 



Inches. T nch 



29,92 

29,94 

29,9° 

29, 8 5 

29,70 

29,72 

29,98 

3°,°3 

30,05 

30,04 

29 » 7 2 

2 9>59 


29,78 

29*84 

29,85 

29,70 

29,74 

29,84 

29.84 

29.87 

29.85 

29.85 

29.86 
29,89 

2 9 ,*j 9 

29.88 
29,82 
29,81 
29,88 
29,92 


0,263! WNW 

vv 

0,053 sw 

0,386 sw 
SW byW 
0,024 w 
w 
sw 

SWbyW 
0,091 NE 
N 

o ,359 NNW 
NW 
0,058 sw 
sw 
0,061 s 
SW by S 
0,016 WSW 
SW byS 
o,o 10 SW 

' ssw 

0,020 SW 
SSW 
0,677 SW 

sw 

6*077 SiW 
NW 
0,145 NW 
NW 
0*024 NW 7 
» WNW 


Weather. 


x Fine, 
x Fine. 

1 Fair, 
x Rain, 

1 Cloudy. 

I Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fair, 

1 Rain. 

1 Rain, and thunder. 
1 Rain. 

1 Fair. 

1 Cloudy, 
x Fair. 

1 Rain. 

2 Fair, 
x Fair. 

2 Fair* 

1 Fine. 

2 Fair! 
x Fair, 
x Rain. 
t Fair, 

2 FaiA 
I Fair, 
x Rain, 
x Fair. 

1 Fain 
1 Fain 
1 Fair. 


MS 
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oarom .1 Rain 



Weather. 


inches. Inch. 1 Points. |Str. 


65,0 
7 °, 5 , 

68.5 
74 »° 
7°>° 
735 ° 
70,0 

73 ,° 

67.5 

7°,5 

67.5 

7°,° 

68.5 
7°,5 

69.5 
71,0 
68,0 

69.5 
66,0 

66.5 
63^ 

67,0 

63>5 

(37,0 


30,00 
30,05 
30,16 
30,18 
30,16. 

30,14 

30,08 

30,05 

29,93 

29,91 

29,85 

29,84 

29,82 

29.80 
29 77 

29.81 
29 92 
29,91 
29,87 

29,84 

29,78 

29,78 

29,78 

29 , 7 a 

29 ,70 
29,74 

29,81 

2 9,9S 

3°,°4 

30,04 


NW 
NW 
NNE 
NW 
SjW 
W hv S 
sW 

SWbyW 
SSE 
SSE 
NW 
NW 
0,123 NE 

wsw 

0,310 ENE 
SW 

0,060 wsw 
SW 
6 

SWbyW 
0,042 S'E ! 
LW 
SSE 

i S 

1,058 SW 

0,408. w ; 

WNW 
' N 
NNW 


i Fair. 
x Fair. 

1 Fine. 

1 Fine. 

1 Fine, 
x Fine. 

1 Fine. 

X Fine, 
x .Fine. 

1 ’Fine, 
o .Hazy. 

1 |Fine. 

1 Cloudy, 

1 jFair 
o Fair. 

1 Rain. 

1 Cloudy. 

1 Fair. 

1 'Fair, 
r (Fair. 

1 'Fair. 

1 i 1 ine.. 
x Fair, 
i . Rain. 

X ifhnokr at iSb. faiiv 
I> gar, msch thuoio afertu 

i Fair, 
a Fair. 

1 'Fine. , 

1 Fine. 



ME.TE*r- 
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ELM. 


7 2,5 

6a,o 
70,0 
57 ,° 

65.5 

52.5 
6 5,5 

59»5 
69,° 
56,0 
73 ’° 
57 >° 
72,0 

55 ’° 

74 >° 

58,0 

72,0 

52 »S 

66.5 

60.5 

62.5 
56,0 
67,0 
S6,o 
69,0 

S 8 >° 

69,0 


liarom. 

Rain 

Winds. 

Inches. 

Inch. 

Points* JStr.j 


Weather, 


62.5 
65,0 
66,0 

69*5 

66,0 

68.5 

63.5 

65.5 
61,0 

64,0 

63,° 

6S>S 

62.5 

65.5 

62.5 
66,0 
63,0 
66,0 
64,0 
67,0 

62.5 

65.5 

62.5 

6 5,5 
6 x,o 

64.5 
6 x,o 

64,5 

62,0 
* 66,0 


30,02 

30,02 

30,05 

30,00 

29,88 

29,80 

29.87 

29.80 

29.88 

29.81 

29,50 

29.73 
30,05 

3°,°7 

30,07 

30,04 

30,00 

29,92 

29.74 
29,66 

29.75 

29.76 
29,71 
29,75 

29.75 

29.76 

29.77 
29,79 
29,54 
29,52 


0,029 S I 
S by W \ 
0,023 SbW 
SSW 
NNW 
NW 
• SSW 
SSE 
SW 
S 

0,171 SWbyW 
W 
SSW 
S 

SbW 

NW 

NE 

E s£ N 

SSW 
0,258 wsw 
WSW : 
0,345 SW ! 

345 SSW 1 
0,122 s 
S by W 

0,042 ssw ; 
SW 

0,068 SE by E, 
SSW 


1 Rain. 

2 Cloudy. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fair. 

1 Fine. 

2 Fair, 
o Fine. 

•1 Rain. 

2 F. 1 U 
2 Fine. 

1 Fine. 

1 Fine, 
x Fine, 
x Fine. 

1 Fair, 
x Fine. 

1 Fair. 

1 Fair. 

1 Cloudy. 

2 Cloudy, 
t* Rain. 

9 Rain, 
r Fine. 

1 Fine. 

1 Fine. 

2 Fine. 

2 Rain. 

2 lFair. 


Vol. LXVI. 
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I’imc. r 

rherm r 
without \ 

riicnnJ] 

vithin. 

krora. 

lain. 

Winds. 

Weather. 

• 1 

J.M. 



inches. 

Inch. 

Points. 5 

5 u*. 


Sept, i 

1 2 

( 3 

4 

5 

6 

7 

8 

9 

10 

n 

ia 

if 

u 

1 

' IJ 

1 < 

7 o 
2 0 

7 0 
2 0 

7 0 
2 0 

7 ° 
2 o 

7 0 

2 n 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 c 

2 C 

7 c 

2 C 
i 7 c 

a c 

7 c 

2 C 

7 c 
2 < 

> 7 < 
2 < 

> 7 1 
2 < 

56.5 
68,o 

63 >o 

67.5 

5 6 .5 

56,0 

49.5 
65,0 

60.5 

74.5 
64,0 

70 . 5 

63 .5 
75 ,° 

S3, 0 

f> 5'5 

59 »° 

67,0 

' 57,5 
» 68,5 

> 53,5 

> 60,5 

> 47 ,° 

> 60,5 

> 53,5 

3 59>5 

>i 5 2 ?° 

)j 6a,0 

4 53,5 

a 54,0 

Dj 02,0 

61,0 

64^ 

63.5 

66.5 

63.5 
6 3'5 

59.5 

61.5 

61,0 

64.5 
66>o 

67.5 

U ,s 

68.5 

67.5 

68.5 
65,0 

67,0 

63.5 

66.5 
61,0 

62.5 
56,0 

• 59 ,° 

67.5 

59.5 
57 ,° 
60,0 

56.5 

6 0 .5 

57.5 

I 59,5 

29,85 

29,89 

29,85 

29,89 

30,00 

3°,°5 
3 °, *5 
30,13 
29,88 
29,82 
29,88 
29,98 

29.70 

29.71 
29 ,59 
29,54 1 
29,54 
29,61 
29,61 
29,61 
29,64 
29,64 
29,9° 
29,91 
29,57 
29,57 
29 , 7 ° 
29,78 
29,6s 
29,63 
29,59 
f 29 , 7 i 

0,171 

0,115 

0,020 

0,170 

0,045 

0,770 

0,026! 

o ,435 

0,283 

1,100 

0,097 

0,378 

0,512 

o,i 8^ 
] 0 ,497 

sw 

ssw 

SWbyW 

SWbyW 

WSW 

S 

wsw 

SE 

ENE 

SE 

WSW 

sw 

ssw 

sw 

ssw 

sw 

ssw 

ssw 

SSE 

SWbyW 
WSW 
SSW' 
WSW 
W by S 
! W 
NW 
, N 

W 

NNE 
r NNE 
l WNW 

X 

1 

2 

2 

1 

1 

X 

1 

I 

I 

X 

X 

I 

1 

1 

X 

X 

2 

1 

X 

X 

2 

I 

I 

X 

X 

X 

X 

X 

X 

1 

X 

Fine. 

Fine. 

Cloudy,muili wind lift night 

Cloudy. 

Fair. 

Rain. 

Fog. 

Fine. 

Fair. 

Fine. 

Fair* 

Fine. 

Fair, thunder lift night. 
Fine. 

Fair. 

Rain. 

Fine. 

Cloudy. 

Ram. 

Fair, 

Fine, 

Rain. 

Fine, 

Fine, 

Fair. 

Rain, 

Rain, 

Fair. 

Fair. 

Cloudy* 

Fair. 

■Fine. 


METE' 
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Time.' 

Therm.' 
without 

Therm. 

within. 

Barom. 

Rain. 

Winds* 

Weather. 


H. M. 



Inches. 

Inch. 



17 

18 

1 9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3 ° 

7 0 
2 0 

7 0 
2 0 
7 0 
2 0 

7 

2 0 
7 0 

2 0 
7 0 
2 0 

7 0 
2 0 

7 0 
2 0 
7 0 
2 

7 0 
2 0 

7 P 
2 0 

7 0! 

2 0 

7 0 
2 0 
> 7 0 
a 20 

50.5 
65,0 
58,0 
63,0 
62,0 
66,0 
61,0 

7 r ,° 

61.0 

66.5 
56,0 
7°,5 

56.5 
6 9>5 
58,0 

’ 7 o* 5 

58.5 

70.5 

53.5 
70,0 

57.5 
64,0 

47,o 

63,0 

50.5 

63.5 

50,0 

63,0 

5 6 *5 

60,0 

58,0 

60.5 

61.5 

63.5 

62.5 
66,0 

63.5 
65,0 
61,0 

65.5 

60.5 
66,o 
6*>5 
67,0 
62,0 

66.5 

S’ 5 

66,o 

62.5 
64,0 

59,o 

6 1 .5 

59.5 
62,0 

58.5 

61,0 

29.84 

29.83 

29,63 

29,67 

29,70 

29,79 

29,81 

29.74 
29,51 

29,60 

29,88 

29,95 

29,90 

29,87 

29.78 

29.75 
29,73 

29,72 

29,69 

29,69 

29.79 
29*85 

291.84 

29.84 

29.84 
29,855 

29^2 

29.85 

0,282 

0,0x8 

0,089 

sw 

ssw 

ssw 

S by W 

SWbyW 

& 

S 

s 

s 

s 

ESE 

ENE 

ESE 

NE 

ENE 

NE 

E 

NNE 

ssw 

wsw 

w 

sw 

ssw 

wsw 

w 

sw 

N by E 

i 

ipiiiKi 


X x a 


M£TE' 
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Time. 


oa 17 

18 


19 


20: 


21 


22 


*3 


24 


25 

26 


27 

28 


29 

3°l 


3 1 


H.M. 


Therm 

without! 


[Therm. 

within. 


3°: 


55,° 

62,0 


5C0 


55,° 

41.5 
53,° 
43’° 

49 ,° 

43>° 

54.5 
43,° 

44.5 
39,° 


5i, 


42,5 

47,° 

37,° 

44,0 


32, 


46,0 

39>° 

4»,° 

44,0 

52 , 0 

40,0 

48,0 

34,° 

45,° 




41 ,° 


54,° 

57,o 

56.5 

57.5 
53,° 

53.5 

50,0 

50.5 

48.5 

5°,5 

48.5 

49,0 

46.5 

48.5 

47.5 

49.5 
45,° 

45.5 

41.5 
43,° 
43,° 
45,° 
45,° 

47.5 

46.5 

47,° 

44,0 

44.5 
44,0 


Barom.fRain. 


Inches. 


29,95 
29,89 

29,43 

29,48 

29,70 

29,42 

29.16 

29.23 

29.20 
29,55 
29,77 
29,69 
30,09 

30.20 
30, 0 5 
29,98 

3°, 1 04 

30.16 

3°,25 

30,26 

30.24 
3-V9 
29,98 
29,91 
30,00 

3°,°7 
3°, *3 
3°, H 
29,94 
20,80 


Inch. 


Winds. 


0 , 6 x 2 
0 , 208 ' 

0,369 


0,019 

0,348 


0 , 0 X 0 


Points. IStr 


Q,020 


OP39 


W 

sw 
sw 
w w 
ssw 
s 

S by w 
WbW 
SW 
WSW 
SW 
ENE 
NW 
NW 
S by W 
NW 
N 

NW 

W 

NNW 

W 

WSW 

sw 

w 

N 

NNW 

SSW 

s 

E 

ssw 


Weather. 


Fog. 

Fair. 

Fair. 

Fair. 

Fine. 

Cloudy. 
Windy night. 
Fine. 

Fine. 

Fine. 

Cloudy. 

R.in. 

Fine. 

Fair.. 

Fair. 

Rain. 

Fine. 

Fine. 

Fine. 

Fine. 

Fair. 

Fine. 

Cloudy. 

Fair. 

Fine. 

Fair. 

Fair. 

Fair. 

Rain. 

jKain. 
















MITE* 












fox 1775 



rime.)' 

rherm.' 
without \ 

rhetm. 

within. 

barom. 

Rain. 

Wihds. 

Weather. 


Hf.M. 



inches. 

Inch. 

Points. 1 

3tr. 

Nov. 17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3 C 

8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 c 
8 c 
2 c 
8 c 
2 c 
1 8 c 
2 c 
> 8 c 
l a c 

37.5 

46.5 
41,0 

4*,5 

35 ,° 

39 ,° 

35 >° 

41,0 

40,0 

42.5 
28,0 

36.5 
36,5 
4°>5 
36,0 

41 j° 

3 6 , 0 

40,0 

' 35,5 

• 3 8 , 0 

• 37^5 
' 39»5 
» 37>5 

• 4°,5 

> 45 »° 

> 49>5 
>. 54>5 
>1 S 7 >° 

40,0 

41,0 

44,0 

44 ,° 

40,5 

41,0 

39 >° 
4°,5 
41,0 

40,0 

37 >° 

38,0 

38)° 

39 >° 

38,0 

39>5 

40,0 

40,5 

40,0 

40,0 

40,0 

40.5 
39*5 
4 i>o 

42.5 
44,0 
48,0 
50,0 

29,68 

29,27 

29.16 

29,41 

3°,°5 

30.14 

3 °, *5 
3 °, *3 

30,3° 

3°,33 
30,40 

30, 3 6 

30.17 
30, *5 

30 . 1 5 

30,12 
30,06 
30,02 
30,01 
3°,oi 
29,99 
29,94 
29,80 

29 > 7 ? 

29,67 

29,55 

29,89 

2 9 , 9 ° 

0,019 

0,758 

0,048 

0,072 

o,o4o| 

0,025 

0,025 

0,01c 

* 

0,019 

SE 

SSW 

NW 

N 

N 

N 

S by W 
SSE 
SE 

E 

N 

NNE 

SW 

NE 

NNE 

NE 

NE 

NNE 

SE 

SSE 

E 

ESE 

ENE 

SE 

SSE 

S 

, SE 
SSW 

| 

Rain. 

Rain. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Fair. 

Cloudy. 

Cloudy. 

Fair. 

Fine. 

Fair. 

Fog. 

Cloudy. 

Fair, 

Fair. 

Fair. 

Cloudy. 

Cloudy. 

Rain. 

Fog, 

Fair. 

Rain. 

Rain. 

Fair* 

Rain* 

Fair. 

•Fair. | 


METE- 
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rime. 

flier m. 
without 

Therfn 

within 

iSarom* 

Rain. 

JUM 

Weather 

H.M. 

' 


Inches. 

Inch. 

Points. ! 

3tr. 

Dec. 1 

2 

3 

4 

5 

6 

7 

8 

. 9 

10 

11 

12 

• 13 

14 

**5 

16 

8 0 
2 0 
8 0 
2 0 
8 * 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 

1 °\ 

8 0 

2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 Q 
2 0 
8 0 
2 0 
8 c 

2 C 

. 8 c 

2 C 

55 ° 

58,0 

5 i>o 

53.5 
50,0 

55.5 
52,° 
53>° 
47,3 

49.5 

42,o 

47,° 

38,0 

44,0 

45,o 

49>o 1 

37,0 

41.5 
33,o 

38.5 

32.5 

1 4i,° 

1 34,5 

> 40,0 
' 27,0 

40,0 

1 46,5 

1 48,0 

1 33,5 
» 30 , 0 

> 34,5 

> 41,0 

54,5 

55,o 

54,o 

56 ,° 

53,° 

54,5 

54.5 
54,o 

53.5 
53,o 
48,0 
5o,o 

46.5 
46,5 

46.5 

47.5 
44,° 
44,o 
40,0 

40.5 

37.5 
39,o 
38,0 
40,0 

35.5 

37,° 

40,0 

43,o 

40.5 
41,0 

3 8 >° 

1 39,0 

30.18 

3°, J 9 

30.20 

20.18 

30.21 

20.22 

3 °,33 
3°, 3 6 

30.41 
30,40 
30,46 

30.48 
30,57 
30,53 
30,45 
30,40 1 

30,45 

30.49 
30,55 
30,57 
3o,5i 
30,48 
30,45 

30.42 

3°, 33 
20,26 

30,20 
3°, a 4 
30,33 
•3 0 ,32 

30.40 

30.41 

0,630 

S 

S 

SW 

SW 

SW 

wsvv 

wsw r 

wsw 

wsw 

SW 

N 

N 

ssw 

N by W 
WSW 
SW 

N 

N 

NNE 

NNE 

SW 

SSW 

ssw 

s 

SW 

SW 

W 

N 

ENE 

NNE 

NE 

NE 

H 

I 

B 

| 

Fair. 

Fine. 

Fair. 

Fine. 

Fair. 

Fair. 

Fog. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Fog. 

Fair. 

Fog. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fine. 

Fog. 

Fine. 

Fine. 

Fine. 

Fine. 

Fair. 

Fog- 

Fair. 

Fair. 

Fair. ’ 

Foggy- 

foggy* 
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Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain 

Winds. 

Weather. 

! 

H.M. 



Inches. 

Inch. 

Points* 

Str. 

Dec. 17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

*9 

3 ° 

3 * 

| 

I 

3°,5 
34 »o 
3 *,° 

35.5 
29,0 

37.5 
35 >° 
3 6 , 0 

37.5 

46.5 

4 i,o 

46,0 

48.5 
S*»o 

45 ,° 

47,0 

3 8 »S 

4SjS 

40,0 

43.5 
33 »° ( 
40 , 0 . 

39 , 0 
43 ? 5 
3°,5 
40,0 

32 , 0 

36.5 
37 ,° 
34 ,o 

34.5 
34 ,o 

35 ,o 

34 ,o 

37 ,o 

37 ,o 

39 ,° 

42.5 

43.5 

45.5 
47 ,o 
46,0 
47 ,o 
44 ,o 
47 ,o 
43 ,° 

43.5 

4 1 .5 
4^,0 

3 8 .5 
39 ,° i 

39.5 
4*,5 
3 8 ,o 
39 ,° 
3 %° 

JieL. 

30,45 

30,55 

30,535 

30,47 

30,32 

30.29 

3°,*2 

29.98 
29,38 
29,21 

29.30 

29.41 
29,13 

29,00 

28.80 
28,60 
28,97 

28.99 

29.42 
29,50 

29.80 
29,86 

^9,96 

29,86 1 

zt 

29,9 6 

29,9! 
30, x 2 

MIL . 

0,050 

0,146 

0,114 

0,035 

i 

l 

0,144 

0,057 

E 

SE 

ENE 

NE 

NE 

ENE 

E 

SE 

SSE 

SSW 

sw 
sw 
SSW 
SSW 
SE by E 
SSW 
SSE 
SW 

wsw 

sw 

SSW 

NNE 

SSE 

SSW 

NNW 

NNE 

S 

SSw 

s 

I 

I 

I 

I 

I 

I 

I 

I 

I 

* 

I 

1 

2 

2 

2 

2 

I 

X 

0 

X 

X 

1 ! 
X 

1 1 
1 

X - 
t ] 
I 

X 

X 

Fine. 

Fine. 

Fair* 

Fine* 

Fair. 

Fog. 

Fog. 

Fair. 

Fog- 

Fair. 

Fog. 

Fine. 

Ram, 

Fine. 

lain. 

lain. 

Fine. 

Fair. 

Fair. 

Fine. 

Fog- 

Fair. 

Foggy. 

Fair. 

Rainy. 

FairT 

Foggy. 

Fine. 

Fair. 

Fair. 
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fime. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 


H. M. 



Inches. 

Inch. 



Jan. 1 

8 0 

38,5 

39>° 

29,94 


SE 

I 


2 0 

41,0 

40,0 

29,82 


s 

I 

% 

8 0 

41,0 

4 : ,5 

29 >5° 

0,075 

NNW 

I 


2 O 

4°>5 

41,5 

29,69 


NNW 

1 

3 

8 0 

36,0 

39.5 

30,09 

0,065 

NE 

I 


2 0 

37,0 

4°,5 

30,14 


Hi 

I 

4 

8 0 

39,0 

3 8 ,5 

29,77 

0,031 

SSL 

I 


2 O 

44,0 

40,0 

29,50 


b 


S 

8 0 

44,5 

43,S 

29,40 

o,444 

sw 



% 0 

48,5 

45,5 

29,48 


wsw 


6 

8 0 

36>° 

43,5 

29,63 


wsw 



2 IO 

4 r ,5 

44,0 

29,57 


E by N 


7 

8 30 

33>° 

39,5 

29,245 

0,153 

ENE 

2 


2 0 

3L° 

3»>o 

29,35 


ENE 

2 

8 

8 0 

30,0 

34>° 

29,46 

0,229 

NE 

1 


2 0 

3^,0 

35,5 

29,49 


N 


9 

8 0 

3°>° 

34,5 

29,63 ! 

0,079 

N 



2 0 

*8,5 

33,5 

29,67 


ENE 


10 

8 0 

3°,5 

33,5 

29,73 


NNE 



2 0 

33 >° 

34,0 

29,73 


NW 

H 

H 

8 c 

3 °>° 

3i,5 

29,57 


E 

II 


2 c 

35 >° 

33,5- 

«9,41 


SE 

D 

12 

8 Q 

■30,0 

33>° 

29,21 

0,091 

E 

2 


2 0 

32,0 

34,o. 

29,21 


ENE 

2 

*3 

8 Q 

3°»° 

3 2 »5 



NE 

2 


2 0 

29>° 

32,0 

29,3 6 


NE 

% 

14 

8 0 

as>° 

30,0 

29,45 


ENE 

% 


2 0 

26,0 

29,0 

29;49 


NE' 

% 

*5 

8 0 

26,0 

29,o 

29,70 


N 

I 


f 3. <5 

29>° 

3°,5 ! 

29,70 


ENE 

X 

16 

8 o 

25,5 

29,0 

29,71 


NNE 

X 


2 0 

3°,5 

3°,! 

129,70 


NE 

X 


Weather, 


Cloudy. 

Fine. 

Rain. 

Cloudy. 

Cloudy. 

Fine. 

Rain. 

Rain. 

Fair, 

Cloudy, 

Fine. 

Fair. 

Rain. 

Snow. 

Much fnow lift night. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Much fnow and wind Juft n 

Snow. 

Much fnow and wind lait n 

Cloudy, 

Snow. 

Snow. 

Cloudy, 

Snow, 

Snow. 

Snow. 
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Time. r 

rherm ' 
without 1 

rherm. 

vitliin. 

Baiom.j 

lain* 

\\ mds* 

Weather. 


H.M. 



Inches. 

Inch. 

Points. 

3 tr. 

17 

18 

19 

20 

21 

22 

2 3 

24 

25 

26 

27 

28 

29 

3 C 

3 1 

8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 

2 0 

8 i 

2 0 

8 i 

2 0 

8 o, 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 0 
2 0 
8 c 
2 c 
> 8 c 

2 -c 
t 8 c 

2 < 

28,0 

3°>5 

33 >° 

3 °}° 

27,0 

27,0 

23)5 

24.° 

22,0 

28.5 
3 °’S 

• 33 >S 

25,0 

33 )° 

1 3 °’° 
35 )° 
29,0 

33 )° 

26,0 

26,0 

* 9,5 

.20,5 

18.5 
22,0 

1 4.5 

> 24,0 

> 0 

> 21,0 

> * 3 >$ 

>1 2 3>5 

29)5 
3 °) 5 
32 )° 
3 U 5 
3 °) 5 
3 1 ) 0 
29)0 
29,0 
27)0 

2 7)5 

28,5 

3°,5 

28.5 

3 °)° 

30,0 

3 L 5 

3 r )5 

32.5 
■ 3 °) 5 

3 °) 5 
26,0 

25.5 
22,5' 
23 )° 
20,0 

21.5 

19)5 

20.5 
i 9 )S 
20,5 

29)74 
29)74 
29,87 
29,90 
29,90 
29,85 
29,70 
29,70 
29,62 
29)55 
29,4* 
2 9)39 
2 9’53 
29,58 

29.81 

29.84 
29,87 

29.85 

29.82 
29,82 
29,80 

29,79 

29,94 

30,00 

* 9 ) 9 * 

29*88 

29,97 

20,02 

3°)°9 

3°)°7 


NNE 

N>E 

ENE 

ENE 

NE 

NE 

N 

N 

ssw 

ssw 

E 

NE 

NE 

NNE 

ENE 

NEbyE 

NE 

SE 

E 

SSE 

ENE 

ENE 

E 

E 

SE 

SEbyE 

NE 

E 

NE 

E 

1 

1 

1 

1 

1 

1 

z 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

2 

2 

2 

% 

% 

1 

■ 1 

1 

1 

1 

1 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Snow. 

Fair. 

Fair. 

Fine. 

Cloudy. 

Fine. 

Fair. 

Fine. 

Fair. 

Snow. 

Cloudy. 

Fair. 

Cloudy. 

Fair. 

Cloudy. 

Fine. 

Snow. 

Snow. 

Snow. 

Fine. 

Fine, 

Fair. 

Fair. 

Fine. 

Fair. 

Fine. 


Y y 2 


METE- 
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METEOROLOGICAL JOURNAL 
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Time. 

Therm, 

without 

Therm. 

within. 

Barom. 

Rain. 

H.M. 



Inches. 

Inch. 

Feb. 1 

8 0 

14,5 

19,0 

29,97 



a 0 

3 hS 

3?>5 

29,86 


2 

8 0 

37 ,° 

28,5 

29,78 



2 C> 

40,5 

3 *» 0 

29,57 


3 , 

8 0 

37,0 

34,5 

29,34 

0,093 


2 C 

44 ,o 

36,° 

29,51 


4 

8 20 

44 ,o 

3 8 ,5 

29,22 



2 O 

48,0 

41,0 

29,2a 


S 

8 Q 

40,5 

42,0 

mm 

0,153 


2 0 

48,0 

44 ,o 



6 

8 0 

37,0 

42,5 

28,98 

0,221 


2 0 

45 ,o 

44 ,o 



7 

8 0 

43 ,o 

42,0 

28,91 



2 0 

47,5 

43,5 

29,57 


8 

8 0 

40,0 

42,5 

29^66 

0,190 


2 O 

49,5 

44,5 

29,6a 

> i 

. 9 

8 Q 

41,0 

44,5 

29,78 

0,190 


2 0 

45,5 

45,5 

29,58 


' 10 

8 0 

^.2^0 

46,0 

28,99 

0,524 

1 

2 0 

48,0 

47,0 

*8,97 


u 

8 0 

4 a ,5 

45 ,o 

28,84 

0,275 


2 0 


46,0 

28,84 


1 12 

8 0 

34 ,° 

42,0 

29,10 


,« 

2 0 

46,0 

44 ,o 

29,24 


*3 

8 0 

36,5 

42,5 

29,68 


4 

2 0 

47 ,o 

44 ,o 

29,71 


H 

8 0 

47 »° 

45 ,o 

29,5 r 

0,163 

* 

2 b 

5 *,° 

48,0 


* 

9 

8 0 
2 0 

4 ° 

44.5 

46.5 

SB 


l6 

8 

42 ,o 

46,0 

•j fl 

0,085 

; 

2 0 

49,5 

47,5 _ 




Winds. 




Weather. 

Points. 

Str. 

NE 

I 

Fair. 

E 

I 

Cloudy* 

NE 

0 

Cloudy. 

SE by E 

I 

Fair. 

SSE 

I 

Fog. 

S by W 

sw 

I 

Fine, 

2 

Cloudy. 

sw 

I 

Cloudy. 

wsw 

2 

Fine. 

SWbyW 

2 

Fine. 

WSW 

2 

Fine. 

WSW 

2 

Fine. 

SWbyW 

SW 

2 

2 

Fair. 

Fair. 

SW 

X 

Rain. 

ssw 

- ■ 

Cloudy. 

ssw 

r 

Fine. 

s 

2 

Cloudy. 

% 
> CO 

CO 

a 

2 

Rain, 

Fair. 

sw 

2 

Fair. 

ssw 

2 

Rain* 

ssw 

1 

Fair. 

wsw 

X 

Fine. 

sw 

□ 

Fine. 

wsw 

H 

Fine. 

sw 

% 

Fair. 

S by W 

t 

Fine. 

ssw 


Fine. 

$sw 


Fair. 

sw 


Fine. 

sw 

B 

Fair. 


METE- 
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Time. 

Therm. 

without 

Therm. 

within. 

mm 

Ram. 

Winds* 

Weather. 


H.M. 

■ 


Inches. 

Inch. 



Feb. 17 

18 

1 9 

20 

9 - 

21 

22 

a 3 

24 

25 

26 

27 

28 

1 29 

8 0 
2 0 
7 0 
2 0 
7 0 
2 0 
7 0 
2 0 
7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 0 

7 °! 
2 0 

7 0 
2 0 

7 0 
2 0 

7 0 
2 c 

7 c 
2 c 

36,0 

43.5 

35.5 

39.5 

38.5 
4L5 

41.5 
5°,° 

49.5 

54.5 
3 6 »5 
45,o 
35,0 

45.5 
39,o 
46,0 
37,o 
43,o 
46,0 

53,o 

39.5 
48,0 

43,0 

47,o 

3 8 >° 

48,0 

43,0 

42.5 
42,0 
42,0 
42,0 

41.5 

40.5 
44,o 

45.5 
49,o 

44,o 

45»° 

40.5 
44,o 
4 1 , 0 
48,0 ! 

40,0 

41.5 

43.5 

40.5 
43,° 
45,° 

43.5 

45.5 
43,o 
45,o 

29,68 

29,53 

29,43 

29,25 

29.34 
29,62 

29,775 

29,80 

29,58 

29,50 

29,62 

29,41 

29,38 

29,50 

29.25 

29.10 
29,50 
29,55 

29,38 

29, 1 3 
29,155 

29.26 

29.11 

29,17 

29.35 

129.35 

0,021 

0,270 

0,140 

0,089 

0,412 

0,148 

0,079 

0,102 

0,149 

0,140 

0,066 

ENE 

E 

ssw 

NE 

SW 

NW 

S 

W byS 

wsw 

wsw 

SW 

SSE 

WSW 

wsw 

SSE 

WSW 

N 

ssw 

ssw 

S by W 
SSW 
WSW 
SSW 
SW 
SSW 

wsw 

J 

I 

I 

I 

I 

I 

1 

1 

2 

2 

l 

3 

1 

2 

I 

I 

I 

I 

1 

2 

2 

2 

2 

2 

l 

It 

Rainy. 

Fair. 

F.iir. 

Cloudy. 

Rainy. 

Fair. 

Rainy. 

Fme. 

Cloudy. 

Fair. 

Fnje. 

Rain. 

Fine. 

Fair. 

Rain. 

Rain. 

Cloudy. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Fair. 

Fair, 

Fair.. 

Fine. 

Fine. 


M E T'E- ■ 



















[ 35° 1 



Thermometer without. 

Thermometer within. 

.Barometer. 


Greateft 

Leaft 

Mean 

Greatest 

IBS 

Mean 

Greatefl 

Leaft 

Mean 

1775 - 

Height. 

Height. 

Height. 

Height. 

ms™ 

Height. 

Height. 

Height. 

Height, 


54 ,° 

a 5>5 

42,7 

52,0 

3°,5 

1 

3 °, 3 8 

29,3° 

29,84 


55 ,0 

35 )° 

44,5 

52,5 

4 hS 

mi 

30,48 

28,89 

29,24 

March, > 

S 8 s o 

28,5 

43,9 

53 ,° 

37 ,o 

46,1 

30,61 

29,07 

29,67 

April, 

83,5 

36,5 

5 2 > 8 

69,0 

40,0 

52,7 

3 °> 3 6 

29,50 

30^026 

May, 

74,5 

43 ,° 

57 , 8 

67,5 

50,0 

58,5 

3°,43 

29,68 

30,12 

June, 

8i,S 

52,0 

66,3 

73,5 

60,5 

67,3 

3 °, 3 ° 

29,61 

29,91 

July, 

82,0 

58,0 

66,1 

74 ,o 

61,5 

67,3 

30,18 

29,59 

29,88 

Auguft, 

75*5 

5 a ,5 

64,3 

70,5 

58,0 

64*8 

30,07 

29,5° 

29,86 

September, 

75 ,° 

47 ,° 

61,1 i 

; 

68, S 

56,0 

62,6 

3 °, i 5 

29,51 

29,756 

Oftober, 

66,o 

3 a ,o 

5°,5 

68,0 

4 i ,5 

52,4 

30,26 

29,16 

29,86 

November, 

57 *o 

28,0 

42,5 

53 ,° 

37 ,o 

43,7 

3 °> 3 6 

29,16 

29,76 

December, 

S8,o 

27,0 

41,2 

56,0 

34 ,o 

43 ,° 

30,57 

28,60 

30,06 

1776* 





l 

3^8 



January, 

44*5 

13,5 

a 9>3 

43,5 

20,5 

3°» I 4 

29,21 

29,687 

February, 

49*5 

14,5 

42,6 

46,0 

19,0 

42,4 

29,97 

28,84 

29,408 

Whole year, 




■ 

1 





beginning 1 
mtk March r 



5 i ,5 


1 

5 2 ,7 



29,833 

1775. 3 











VARIATION 














t 3SI 1 


VARIATIO N-N EEDLE. 



7 b. 
A.M. 

12 h. 

M. 

2 h . 

P.M. 

10 or nh. 
P.M. 

Daily 

Mean. 

June i8 

21 34 

21 48 

21 45 

21 36 

21 41 

*9 

2i 31 

2i 53 

21 55 

21 38 

21 46 

20 

21 35 

21 53 

21 50 

21 41 

21 45 

21 

21 39 


21 5° 

21 41 

2i 43 

22 

21 39 

21 50 

21 50 

21 40 

21 45 

2 3 

21 37 

21 47 

21 50 

21 4r 

21 44 

24 

21 44 

ai 45 

21 52 

21 47 

21 47 

2 5 

21 40 

21 45 

21 46 

21 40 

21 43 

26 

21 40 

21 47 

21 47 

21 30 

21 41 

27 

21 30 

21 46 

21 46 

21 43 

2l 41 

28 

21 37 

21 47 

21 47 

21 40 

21 43 

2 9 

21 38 

21 39 

21 45 

21 38 

21 40 ; 

30 

21 37 

21 43 

21 47 

21 40 

21 44 

July ij 

21 34 

21 44 

21 47 

21 38 

21 41 , 

2 

! 

21 37 

‘ 21 47 

21 48 

21 36 

21 42 

3 

21 42 

21 45 

21 48 

21 40 

21 44 

i 

4 

• 2 i 37 

,21 47 

21 45 

21 42 

21 43 

r Means, • 

‘ai 37 

2i 47 

21 48 

21 39 

i 

i 

Mean of all ai 43. 

, 


DIETING' 
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dipping-needle 



7 h- 

A.M. 

12 h. 

M. 

2 h. 
P.M. 

| 

Mean. 



0 / 

O / 

0 U 

O / 

O / 


r June19 

72 30 

72 33 

72 28 

72 32 



20 

72 30 

72 28 

72 32 

72 3 ° 


* 

Divided face of 

21 

72 38 


72 32 

72 25 

r 

inftrument to J 

22 

72 27 

72 38 

72 32 

72 3° 

>72 32 

the Weft, 

23 

72 26 

72 3° 

72 28 

72 32 



24 

72 3 8 

72 28 

72 3 ° 

72 26 



L *5 

72 34 

72 37 

72 4 ° 

72 32 

J 


- 26 

72 33 

72 33 

72 34 

72 24 



27 

72 28 

72 33 

72 32 

72 33 


Baft, " 

218 

72 35 

72 35 

72 34 

72 32 

>72 32 


29 

72 32 

7a 30 

72 44 I 

72 33 

J 

June 29, Poles changed, marked end points upwards. 

% 1 

'June 29 

1 

* 

72 44 

72 33 

I 

Eaft, ■ 

30 

7 * 3 S 

7 * 45 

72 45 

72 45 

\n 4 ° 


L July i 

72 33 

72 45 , 

72 45 

72 32 

J 


i* a 

72 24 

72 15 

72 17 

72 20 

-j 

Weft, v 

3 

14 

72 13 

72 12 

72 15 

>7217 


- 4 

72 17 

72 18 

72 18 

72 18 , 

J 

Mean of the four means, or the true dip, 7 2 0 

30'. 
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Dr. hqrsle^s AbJlraB 
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R. June 27, 1776. 


TABLE I. 


An abridged view of the winds at LONDON* 
for one year, beginning with March 177s. 



N 

S 

E 

W 

NW 

SE 

NE 

sw 


Rain. 


Quarterly 

Rain. 

Half-yearly 

Rain. 

Mar. 

I 

if 

O 

3 

H 

I 

I 

17 

31 

1,854 




Apr. 

*1 

3i 

oi 


3i 

3 

61 

10 

3 ° 

1,068" 


3,474 


May 

6 

O 

0 

2 i 

6f 

2 

61 

71 

3 1 

°>55 2 



11,298 

June 

X 

I 

Of 

*1 

1 

4§ 

14 

6§ 

3 ° 

^389 




July 

X 

2 i 

0 

2 

71 

2 

2 

14 

3 1 

4,232 


7,824 


Aug. 


3 


2 

3i 

.31 

*1 

:6| 

3i 

2,203 




Sept. 

°i 

3i 

°i 


*§ 

H 

s 

15 

3 ° 

5>*9 2 




oa. 

*i 

if 

oi 

4 

3i 

0 

*1 

*74 

3 1 

2,919 


10,560 


Nov. 

4 | 

of 

2 1 

0 

3 

Si 

9f 

5i 

3° ! 

2,449 




Dec. 

** 

>§ 

I 

I 


1 

3 

6 

14 

3°i 

o,S 76 

f Halfday 
\ sniffed in 


* 5,813 

Jan. 

*1 

1 

I 


*i 

3f 

*5i 

2I 

3i 

1,167 j 

L the Journ. 

S» 2 53 


Feb. 

oi 

fl 

a 

iQ 

El 

2 

2 

22 

29 

3,5 10 





m 

m 

a 

B 

11 

H 

9 

148 

1 j 

27^111 





It 


















^tiiber. ' $ gi¬ 

lt appears, that the winds from the S. W. were again the 
moft frequent of any, and next to thefe the winds from 
the&LE* r;:Of the w'inds from, the four eardinal.points, : 
the Northwas the moft frequent, and the Eaft the moft 
rare. The autumn was the wetteft quarter, and the 
fpring the drieft. The rain- of the three fummer 
months was almoft half as much again as that of the 
three winter months; but the rain of the winter half- 
year exceeded that of the fummer half-year by about 
one-lixth of the rain of the whole year. September 
gave the greateft quantity of rain, and May the leaft of 
any fingle month in the whole year. 
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table ix* 


Sub-diviflon. of the S.W. 



wsw 

3W 

ssw 


March 

5 

5 


17 

April 

3 

4 


10 

May 

Si 

of 

3i 

7f 

June 

3 

3 

Oi 

6f 

July 

4 

7 



Auguft 

3 

af 

II 

x6f 

September 

6 

3f 

si 

*5 

O&ober 

5 

71 

5 

i7f 

November 


2| 

H 

5f 

December 

3 

6 

S 

14 

January 

i 

of 

I 


February 

8 

6§ 

71 

22 


45 

1 

54i 

X 48 


table hi. 


Sub-divifion of the N.E. 



ENE 

NE 

NNE 


March 

0 

I 

O 

I 

April 

I 

3 

2| 

61 

May 

2 

il 

3- 

6f 

June 

6 

4 

- 4 

14 

J uI y 

of 

I 

°i 

2 

Aiigull 

°§ 



if 

September 

if 

1 

2l 

.5 

0 Sober 

1 

X 

of 

2f 

November 

4 

3l 

2 

9l 

December 

if 

2 

2l 

6 

January 

H 

61 

2l 

i5l 

February 

°f 

if 

O 

2 


25 

a6§ 

20f 

72 


TABLE 
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TABLE IV.. TABLE V. 

Sub-diviflon of the S.E. Sub-divifion of the N.W. 



WNW 

NW 

NNW 


March. 

o I 

3i 

2f 

6'f 

April 

I§ 

I 

i 

if 

May 

if 

4 

i 

6| 

June 

o 

I 

o 

I 

July 

If 

5 

i 

7i 

Auguft 

0 

*f 

i 

3f 

September 

of 

I 

o 

if 

O&ober j 

0| 

2 

I 

3f 

November 

I 

r f 

°i 

3 

December 

o 

o 


i 

January 

o 

°i 

i 

if 

Februaiy 

° i 

°f 

o 

°f 


i 

7 

! 

22| 

IO 

39i 



ESE 

SE 

SSE 


March - 

o 

of 

of 

X 

April 

I 

I 

I 

3 

May 

o 

if 

Of 

2 

June 

l z 

if 

If 

4i 

July 

O 

Of 

If 

2 

Auguft . 

Of 

if 

If 

3§ 

September 

I 

I 

Of 

2f 

O&ober 

0 

0 

o 

O 

November 

If 

2i 

if 

51 

December 

Of, 

I 

if 

3 

January 

Of 

% 

I 

3§ 

February 

Of 

o 

1 If 

i 

2 


! 1 

\ 

13 

I2f 

32f 


Of the winds between the S. and W. thofe from the 
S.S.W. were this year the moft frequent. 


Here follows a general ftate of the winds, according to 
the degrees in which they prevailed refpeCtively, col¬ 
lected from the five preceding tables. 


B$E 

WNW 

NNW 

E- 

SSE 

SE 

Em 

NNE 

s 

NW 


ENE 

NE 

wsw 

sw 

§1 


7 ! 

7, , 

IO 

\ * T.— 

dl 

iaf 

11 

iSf 

20§ 

3 if 

azi 

23f 

id 

z6£ 

45 

48f 

I54f 

3 6 5f 


Miffed in the journal. 
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TABLE VI. 

’Shewing the number of fair and frofty There were 
days in each half-month and in the eleven fhowy 
whole year. _____ _ * n . 

Fair it air days Frofty day« Frofty days year, all in Ja— 
in whole! in wholel _____ w : f -u 

lift bal£ (Latter mont b. ,!ihliF - |f J “ er months. nUar 7r Wltn 
half. 

March 6 7 

April 15 9 

May 13 13 

{Jane 12 xi 
jJaJy 9 

S 7 

JSeptember| 1 11 

Odlaber xi 6 {. 

(h T p^| , f 8. S 

M 9. 

Hanuary , 5 II 

February ,j 7 

__ 

mometerat 33%windEJNLE.; hut, at 2 in the afternoon of 
the fame day, the rain was turnedinto fnow, and: the ther¬ 
mometer was funk to 31 There was a fhort remiflion of 
the freft on the 18th, the thermometer at 8 in the morn¬ 
ing of that day being at 33°^ but it was funk again to 3 o° 
at 2 in the afternoon.. On the 31ft, at 8 in the morn¬ 
ing, it was at 13,5, and only one degree higher the next 
meaning, February ifL The froft broke in the nigjit 

between 


*3 

24 

26 

a 3 

10 

12 

12 
*7 

13 
24 


half. 


'1 

6 


1.2 

£ 

8 

2 5 t 


iA 10 15 

9 

199. Tot»j frofty days, 41 


the wind be¬ 
tween theN. 
and E. The 
firft fnow fell 
on the 7th, 
and introdu¬ 
ced the great 
froft,whichfet 
in in the day¬ 
time: for on 
the 7th> at 84 
in the morn¬ 
ing, it ‘rained 
with the ther- 
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i y 2 i ? &r, H O,’ 

between tibe ift and ad of February, the wind yet con¬ 
tinuing N.E., from which quarter it had fet almoft all 
the time the froffc lafted* It changed to the S.E. on the 
abandon the 3d got into;the : &W^where it remained 
almoft aftThe reft of the month. .. i •: ,> r V .J ; 

s. . The following table thews the quantity of'rain thatj 
fell with each wind in each mdn& aHd fq tlie wEble year j 
It appears, that the S.W. gave more than two-thirds ofj 
the rain of the whole year, which feenis pot to ha’veheenj 
altoget her owing to the wet quality of that wind, but in: 
great meafureto the greater length, of time it blew than, 
any other. The numbers at the bottom oftjietable fhew: 
the proportional wetnefs of each wind upon the whole..; 
They are made from the numbers in the daft horizontal 
row but one of this table compared: with 1 the number* ift 
thfelafthorisKaital row of tab. i. iFdr the wetrieft of each 
w inkl istin proportion as the quantity of fain it gave in 
the whole year diredtly, and the number of days it bleiv 
The former is fhewn by the numbers in thp 
teft*iowhut one of tabL vh.; and the latter by thofe ift 
theilaft row of ^tas. i— !It appear^ that the South wind 
wasithelftafieft bf 
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table vii. 


Shewing the quantities of rain which fell feverally with 
each wind in every month and in the whole year. 



N 

s 

E, 

w 

NW 

SE 

NE 

sw 


Mar. 

O 

Q 


0,132 

0,114 

0,074 

0,095 

x j439 

1,854 

Apr. 

o 

0,016 

0 

0,386 

0,143 

0 

O 

o ,523 

1,068 

May 

o 



0,058 

O 

O 

0,052 

0,442 

0,552 

June 

o 

O 


0,768 

O 

0,495 

0,098 

0,028 

2,389 

July 

O 

0 


0,1 SS 

0,528 

O 

0,214 

3,335 

4,232 

Aug. 

o 

0,039 

0,038 

O 

O 

0,043 

O 

2,083 

2,203 

Sept. 

o 

0,107 

0 

0,378 

0,184 

0 

o ,542 

3,982 

5 , r 9 2 

G&J 

o ,°37 

0 

0,039! 

0 

0,378 

0 

0 

2,465 

2,919 

Nov. 

0,211 

0 

1 

0 


0,969 

0,208 

0,409 

-0,652 

2,449 

Dec. 

O 

0 

0 

0,030 

O 

0 

0 

0,546 

0,576 

Jan. 

0,079 

0 

0,091 


0,075 J 

0,031 

o ,447 

0,444 

1,167 

Feb. 

O 

0,089 

6 


0 

0,093 

0,291 

3>°37 

3,5io 

\ 

0,347 

■ 

0,168 

h$°7 

m 

0 , 9^4 

029 

i 8,975 

27,111 


- ..H —; 

XI + 

ID 

1.2— 

|82 + 

48 •! 
4 

22— 

23— 

r 

IOO 



'TABLE 
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From this table it appears, that, of 9131. changes^ of 
weather in the whole, year, 46 fell on the days of the 
Moon’s pretended influence. And rejecting of thefe 
changes, all that were reverfed within 24 hours, of 53 
that remain in all, 27 fell on the days of lunar influence. 
And if from thefe again we reject the odtantal days, con¬ 
fining the Moon’s influence to the days, of fyzygie and 
quadrature, there ftill remain 14 of the 53 for thefe 
days. 

Of the new Moons four only were attended with a 
change of weather, and of the full Moons three; namely, 
the new Moons of the months of March, July, Decem¬ 
ber, and February; and the full Moons of October, No¬ 
vember, January. Both the fetting-in and the breaking 
of the great froft happened on days exempt from Ltt- 
nar influence. 

Upon the whole, the trial turns out more in favour of 
the Moon this year than it did the laft. But ftill the 
changes were many more on the days confeffedly exempt 
from her influence, than on thofe which have been fup- 
pofed to be the moft fubjedt to it. 

Thegreateft monthly height of the barometer was only 
four times in this year accompanied with a N.E. wind, 
namely, in the months of April, June, November, and 
Febr uar y. It was five times attended with a S.W, 
namely, in March, May, Auguft, September, and De¬ 
cember; and the greateft height obferved in the whole 
year was one of thefe, namely, in the month of March. 

Wol. LXVI. ‘ Ccc Once 
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Once'it was accompanied with the Eaft wind, namely, in 
January; and twice with a N.W. namely, in July and 
October. 

The leaft monthly height was once accompanied with 
a N.E. namely, in January; fix times with a S.W. 
namely, in April, May, Auguft, October, December, and 
February; twice with the South wind, namely, in March 
and September; once with the North, namely, in July; 
once with a S.E. in June; and once with a N.W. in No-* 
vemben 
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I fubjoin a general view of the winds and ^aiii 
in the two months of January and February I 775 j 
which are not included in the preceding tables. 


1775* 

N 

B 

E 

w 




sw 

Rain. 


Jan. 

0 

O 

2 

2 

10 

3 f 

4 


x j 7 2 4 

f 5 days miffed in 

1 the journal. 

Feb. 

of 


O 

I 

4 

if 



1,928 



of 


2 

3 

14 

5 

si 

2I i 




Comparing this with the table p. 168. of the laft 
volume, I find the general ftate of the winds and rain 
for the twelve months, beginning with March 1775, a* 
follows: 


N 

s 

E 

w 

NW 

SE 

NE 

SW 

*3 

21 


22| 

5ir 

1 

3 a r 

72 

119 


C c c a 


Main. 
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RAIN. 


Quarterly ram- Half-yearly rain. Yearns rain. 


Spring, 

Summer, 

Autumn, 

Winter,, 


4 ? 43 5 
8,051 

6,718- 
SA 5 8 


Summer, 

Winter^ 


12,486 

I 2 ,I 76 J 


24,662 


But note) that in'thefpace of thefe twelve months 
jfev&i fays, i jjl all were miffed in the journal. 


XIX. Extras 
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XIX. Extras of a Meteorological Journal for the Tear 
i 775 , kept at Briftol, by Samuel Farr^M. D* . 


R. June 27 , 1776 . 


Months. 


Barometer* 

r 

Higlxcft. | Loweft* 

Mean. 

Yiciffitude. 

January 

3 P>' 3 . 

29,08 

29,70 

81-2 

February 

30,29 

28,74 

29,72 

113-4 

March 

3 °> 3 8 

28,75 

29,69 

73-2 ! 

April 

30,22 

29,42 

29» 6 7 

41-3 

May 

30,20 

29,63 

29,93 

55~2 r 

June 

3°»°9 

29,40 

29,72 

40-2 

July 

29,96 

29,5° 

29,68 

26-I 

Augnft 

29, 8 9 • 

29,30 

29,61 

30-1 

September 

« 9>93 

29,30 

29 >53 

3 r 1 L 

Oftober 

30,13 

28,90 

29,70 

42—l 

November 

30,2a 

28,90 

a 9 , 5 ° 

95-2 

December 

30>36 

28,49 > 

*9,85 

46—t 


Ail 
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An abridged Table of the winds for Bristol, for the 

Year 1775. 



N 

1 

E j\V 

s 

sw 

t>E 

SE 

SW 

Rain. 

Frofty 

Days. 

Thunder, fee. 

’an. 

Feb. 

Mar. 

Apr 

May 

June 

J ul y 

Aug 
■ Sfcpt. 

oa. 

tSrov 

De<?„ 

0 

0 

4 

1 

5 

O 

0 

0 

0 

b 

b 

i 

a 

0 

0 

0 

1° 

0 

0 

4 

4 

‘4 

3 

1 

2 

I 

i 

1 

z 

0 

T 

Z 

b 

1 

l o 

i 

1 

1 

2 

O 

l 

O 

O 

i 

I 

I 

I 

O 

i 

4i 

s 

8 

10 

4 

5 

1 

a 

7 

34 

6 

4 

1 

4 

1 

Si 

2 \ 

4 

1 7 

A 

9 4 
8 

44 

if 

4 

64 

10 

12 

2 

1 

; 5 
10 

8 

184 

18 

16 

10 

94 

XI 

21 

24 

*54 

*5 

Si 

sa 

4,5 2 9 

4,*4S 

2,834 

0,616 

0,332 

4,288 

5,4*4 
6,947 : 
2,936 
3,358 
2,044 

^*^54 

2 

2 

I 

0 

0 

O 

O 

O 

4 

* 1 

3 

*1 z 

30. s.w. 

12. S.W. 

29 SE. 1 : 

f 

f 6. 9 * *4® 'N.E. 11. 
1 28 29. S.E. 

27. S W. 

4, 5 -S.W. 

f Earthquake 8. S.W. 
LB r 29,30 20. S.W. 
19. with hail, S W*. 

17 S. 

23. S.W. 

.TJ 

A 

«J 

L 

1 

S3 

Is 3 i 

;f(fy fl 7 ^ 

iS£K£EI 

iK3 



h 1 WEATHER FOR THE TEAR 1775* 

' : January. It froze hard the ift; after that was wet'fill 
19th; fnowed on 2.0th; then rained to 24th, when it 
froze; fnowed again 21ft; was rainy to the 30th, when 
there was a thunder ftorm at night; 31ft fair. 1 * J "*' 
February. Wet till the 14th; fair, with lighMhowers, 
W&J thht rainy; ‘the reft of -the month fair. 
u Mafth. ! Ck>udy to 4th^ then rainy to 17th; diyM to 
5thfJ r £$$h‘'fair; on 28th fhoW; f *2$th 
fsir ; 30th fnow and ffoft at night. * 

April. 
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April. A little rain on 4th, 14th, 15th, 18th, 2.1ft, 
and 30th; the reft fair, and after sift remarkably 
warm; lightned on 29th. 

May, Fair to the 5th; rainy then and on 17 th and 
19th; the reft quite fair. 

June. Fair to the 5th; ftormv, with frequent thun¬ 
der, to nth; fair to 14th; after this fair to 20th; vet 
to the 25th; 26th fair; 27th cloudy; a hard ftormon 
28th and 29th; 30th fair. 

July. Wet and ftormy to 14th; after this fair to 
24th; that and 25th ftormy; 26th fair; a ftorm on 
2.7th; rain 28th, 29th; 30th and 31ft fair- 

Auguft Wet and ftormy to 6th; that with 7 th and 
8th fair; 9th ftormy; 10th fair; then ftormy to 22d; 
fair to 26th; and then to the end ftormy. 

September, ift and 2d wet; the 3d it froze and was 
dry to the 5 th; after this ftormy to 14th; and then to 
2oth; fair to 26th, when there was a ftorm. The reft of 
1 the month was dry, but cloudy. 

O&ober. Fair, with a flight ftorm, on 4th to 8th; it 
, rained then and on 9th; none till the 14th; wet to 22d; 
then faip to 31ft, which was wet. 

, November. Dry to the4th; after that wet; 8tft fair; 
9th frofty; 1 oth fgjr; wejt tp^th; fa^tp , f froft 
ji^thand 24th- ^ 

December. Wet to the gth; fair and after 8th frofty 
to*3(ths rainy to 17th; then frofty again to 20th; after 
'‘this vm>tp 25th; dry and frofty to 29th; then 

30th, and wet on 31ft. , t , ... k . lVI 

t v XX. Extras 
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XX. Extract of a Regifter of the Barometer, 'thermometer, 
and Rain , at Lyndon, in Rutland, 1775* Thomas 
Barker, Efquire. Communicated by Sir John Pringle, 
Bart. P. R. S. 


R. June 27, 1776. 




Barometer. 

Thermometer. 1 

Rain. 



Higheft 

Loweft 

Mean. | 

In ft 
High. 

ie Ho 
Low. 

ufe. 

Mean 

A 

High 

broad 

Low. 

Mean 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

J»iy 

Aug 

Sept. 

1 

oa. 

Nov. 

Dec. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftcra. 

Mora. 

Aftern. 

29,91 

29,91 

3°>°9 

29,97 

29,94 

29,87 

29,71 

29,60 

29,67 

29,80 

29.96 

30.96 

28,72 

28,35 

28,61 

29,05 

29^ 

29,17 

29,16 

28,98 

29,02 

28,50 

28,50 

a8»*£ 

29 >33 

29,24 

29,3 2 

29,60 

29,67 

2 9>49 

29 > 4 i 

« 9>37 

29 . 3 1 

^ 9,38 

2 §>34 

; * 9»54 

✓ 

47 

48 

48 

49 
48 

494 

64I 

t 

64 

661 

68“ 

66| 

68 

u 

64 4 
651 

59 i 

59 i 

48 

S° ! 

51 ; 

5 *i 

3 ° 

3 r 

39 i 

41 

38 
394 
4 °l 
42 § 
49 i 
S°i 

58 

59 

581 

60 

582 
60 
55 i 
561 
43 i 
45 

39 
39 - 
3 Si 
3 si 

401 

4*4 

44 

45 

44 

45 
49 
5 i 
SSi 
57 
62 

6 4 

63 

641 

62 

6 6 i 

61 
5 i i 
5 * 4 , 
42! 

43; 

4 *. 
42 1 

i 5 ° 
S 2 ! 
49 
5*4 
46I 

54 

55 
80 

58 ! 

73 

62 

ll 

61 
72 : 
60 
7 i 
57 f 

65 

5 

52 

554 

20 

26 

3*4 

36 

28 

36 

47 

36 

53 

So 

59 

52 
584 
481 

53 
45 4 
53 
3 ° ! 
39 

34 

24 l 

32 

3 6 4 

41 

39 

46 

3 6 4 

464 

44 

554 

f 

61 

I 6 

694 

58 

70 

544 

65 

524 

63 

43 

g 

36 

4 *i< 

35 ' 

40 j 

*>973 

2,522 

1,728 

*>o .35 

o,9°o 

0,887 

4,078 

4,760 

5,670 

3 > 48 o 

3 > 57 ° 

1,096 

51,699 
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I11 four years, 1740, 41, 42, and 43, there came but 

in, 

66,361 of rain. In the laft four years 1772, 73 > 74 > 

in, 

and 75, there was 124,957, which is nearly twice as 
much. 


The proportion that the mean months bear to the whole 
years at feveral periods. 


1 

1736-4°J 

4 i- 5 ° 

Crv 

t— • 

1 

O 

O 

61-70 

71-75 

36-75 

| January 

•°S 4 

.076 

.078 

•069 

.070 

•°73 

February 

.051 

.046 

.052 

.074 

•073 

.061 

March 

.047 

.074 

.066 

.049 

.058 

.obr 

April 

.057 

•° 7 S 

0S6 

.056 

035 

.065 

May 

.075 

.064 

•073 

.071 

.094 

.074 

June 

•° 7 S 

.123 

.097 

.112 

.079 

.101 

J uI 7 

•*39 

.111 

• 134 

.107 

.072 

.111 

Auguft 

.163 

.059 

.122 

.C99 

.III 

.105 

September 

* n 3 

•09S 

.062 

.074 

.156 

.092 

Oftober 

.081 

.094 

.071 

.115 

.102 

* c 93 

Novembei 

•052 

.103 

•°7 3 

.100 

.084 

.086 

Decembei 

r .093 

.078 

.086 

•07 4 

.066 

.078 


1. OOO 

I.OOO 

I.OOO 

1,000 

i I.OOO 

1,000 


The year began favourable, the winter was mild and 
not in general wet; there was indeed a pretty deal of 
rain the firft half of February, but the latter part of 
that month was warm and for warding, and the fpring 
continued to advance from that time with much fewer 
frofty mornings and N.E. winds than there frequently 
Vol. LX VI. ' Dd-d •- • - are 
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are at that feafon, the many ftrong Wefterly winds keep¬ 
ing them back. The feed-time w as fine, and the feafon 
good for corn. There were Northerly winds the former 
part of April, but they were not fharp ones; and the 
latter part of the month was hot, fome days more fo than 
in the height of fummer. 

The former part of the fummer was fine, hot, and 
dry; fome (tony parithes burnt a good deal, efpecially 
where the grounds were hard-ftocked, and the crop ot 
hay was but was fmall; yet in general the grafs had got 
fo forward in fpring that it held out pretty well. There 
was a great deal of fine weather this year; and though 
there was a great deal of rain in the latter part of the 
fummer, fo much fine weather was intermixed with it 
that moft of the hay and harveft were got in well. Thefe 
rains began the beginning of July, were confiderable 
but not frequent at firft, came oftener toward the end of 
it and in Auguft, and were almoft continual the firft 
three weeks of September, with feveral thunder-ftorms. 
What harveft was ftill out, which in this country was 
chiefly peafe and beans, was much fpoiled; but in the 
fens and feveral other countries a good of barley was not 
finifhed. The latter end of September and beginning of 
October were fine, and finifhed the harveft; but the rains 
returned again, and continued to the end of November, 
yet in lefs quantities than before, and the 'wheat feed¬ 
time was pretty good. The end of the year was fine and 
in general dry; at firft warm, and afterward frequent 
frofty mornings, but no fettled froft. The dry weather 
5 ‘ before 
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before Midfummer fuited the wheat and barley, which 
were this year a good crop, and the grain large and fine, 
and cheaper than they have been for feveral years paft. 

The weather was lefs favourable in the South of Eng¬ 
land; the dry fpring was drier and more burning; the 
barley of two growths, and fomc did not come up till 
Midfommer. The wet afterward was alfo greater, efpe- 
< ially in Hampshire, fo that their hay and harveftfuf- 
fered more than ours, and their barley, in particular, 
coming up late, was late ripe, and was half, or in feme 
places moft of it, damaged by the w et. The barley failed 
alfo in Norfolk, it not earing well on account of the dry 
feafon. 

For a good many years paft, fince the feafons have 
been m general wet, the nature of Eaft winds has been 
very diff erent from what it was before. Several years 
after the great froft in 17 4 ° there were a great many 
N.E. winds in fpring, but they were in general cold and 
dry, flopping vegetation; but for thelaft ten years, the 
Eaft winds have been often very wet; many of the 
greateft fummer floods were by rain out of that quarter, 
and many times there came rain almoft as certainly as 
the wind turned Eaft. - 

An experiment of parting frefb-water from fait by freezing. 

IN the fevere froft laft January,feme falt-water, being 
fet abroad, froze into an ice which w'as not folicl but 
porous, the follows being filled with the falteft part of 
the water, for the ice, when drained, was quite frefli. 

D d d 2 The 
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The falt-water, being again fet abroad, froze as before; 
what remained ftill unfrozen was now become exceeding 
fait, but the ice, drained and diffolved, was little if at all 
brackilh. This agrees with what Captain cook men¬ 
tions in his late voyage, that in 6i° 35' South latitude 
they filled their water calks w ith frefh-water, melted out 
of ice found floating in the lea. By this experiment, if 
another time more fully repeated, it may be found to 
what degree the faltnefs of water may be increafed, by 
continuing to freeze away the frefh-water. 

May not the knowledge of this be of ufe to the fait- 
makers, efpecially in cold countries? The Sun is ftrong 
enough of itfelf between the Tropics to dry away the 
fea-water into fait; and, I think, at the felt-works near 
Lymington, they increafe the faltnefs of the fea-water 
by drying it away in the Sun before they boil it into fait. 
And this feems to be another means of parting frefh- 
water from the fait, which would fave expence in boil¬ 
ing it away, and may be of ufe in the cold countries* and 
in winter* 


XXI. the 
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XXI. An Account of the Meteorological Inflruments ufed 
at the Royal Society’s Houfe. By the Hon. Henry Ca- 
vendifh, F. R. S. 


R. March 14, 1776. 


Of the thermometers , with reflections concerning fome pre¬ 
cautions necejfary to be ufed. in making experiments with 
thofe inflruments , and in adjufling their fixed points. 

T HE thermometers are both adjlifted to Fahren¬ 
heit’s fcale: that without doors is placed out of a 
two-pair-of-ftairs window, looking to the North, and 
ftands about two or three inches from the wall, that it 
maybethemoreexpofedtotheair, and thelefs affedted by 
the heat and cold of the houfe. The fituation is tolerably 
airy, as neither the buildings oppofite to it, nor thofe on 
each fide, are elevated above it in an angle of more than 
1 2 0 ; but as the oppofite building is only twenty-five feet 
diftant, perhaps the heat may be a little increafed at the 
time of the afternoon obfervation by the refledtion from 
thence. In the middle of fummer the Sun ftiines on the 
wall of the houfe, againft which the thermometer is fixed, 
for an hour or two before the morning obfervation, but 

never 
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never fhines on the thermometer itfelf, or that part of the 
wall clofe to it, except in the afternoon, long after the 
time of obferving. On the whole, the fituation is not 
altogether fuch as could be wiflied, but is the beft the 
houfe afforded. 

The thermometer within doors is intended chiefly for 
correcting the heights of the barometer, and is therefore 
placed clofe to it. The room in which it is kept looks to 
the North, and has fometimes a fire in it, but not often. 

It has been too common a cuftom, both in making ex¬ 
periments with thermometers and in adjufting their fixed 
points, to pay no regard to the heat of that part of the 
quickfilver which is contained in the tube, though this is a 
circumftance which ought by no means to be difregarded; 
for athermometer, dipped into a liquor of the heat of boil¬ 
ing water, will ftand at leaft a 0 higher, if it is immerfed to 
fuch a depth that the quickfilver in the tube is heated to 
the fame degree as that in the ball, than if it is immerfed 
no lower than the freezing point, and the reft of the tube 
is hot much warmer than the air. The only accurate 
method is, to take care that all parts of the quickfilver 
(hould be heated equally. For this reafon, in trying the 
heat of liquors much hotter or colder than the air, the 
thermometer ought, if poflible, to be immerfed almoft 
as far as to the top of the column of quickfilver in the 
tube. As this, however, would frequently be attended 
with great inconvenience, the obferver will often be 
obliged to content himfelf with immerfing it to a much 
lefs depth; but then, as the quickfilver in a great part of 

the 
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the tube will be of a different heat from that in the ball, it 
will be neceffary to apply a correction on that account to 
the heat fhewn by the thermometer; to facilitate which 
the following table is given, in which the upper hori¬ 
zontal line is the length of the column of quickiilver 
contained in that part of the tube which is not immerfed 
in the liquor expreffed in degrees; the firft perpendicular 
column is the fuppofed difference of heat of the quick- 
lilver in that part of the tube and in the ball; and the 
correfponding numbers in the table ihew how much 
higher or lower the thermometer ftands than it ought to 
do. The foundation on which the table is computed is,, 
that quickfilver expands one 11500th part of its bulk 
by each degree of heat. 


DIff. 

of 

Heat 




Degrees not immeifed in the liquors. 





5 ° 

IOO 

I^O 

200 

2^0 

300 

35 ° 

400 

45 ® 

500 

55 ° 

■ 

600 

£>50 

700 

75 ° 

5 ° 


>4 

,7 

*9 


*>3 

T »5 

h7 

2 

2,2 

2,4 

2,6 

2,8 

3 * 1 

S >3 

IOO 

4 * 

>9 

i *3 

1,8 



3 *o 

bS 

3*9 

4*4 

4,8 

5 » 2 

5*7 

6,1 

6,6 

ISO 

7 * 

h 3 

2,0 

2,6 

W&j 


4,6 


5*9 

6,5 

7, z 

7,9 

8*4 

9, 2 

9 * 8 

200 

9 * 

1.8 

2,6 

3>5 

4*4 

5, 1 

6 y t 

7 >o 

7,8 

8,7 

9,6 

10 

11 

L2 

13 

2 5 ° 


i,2 

3*3 

4*4 

5 *S 

6,4 

7,6 

8*7 

9*8 

II 

12 

13 

14 

*5 

16 

300 


2,6 

3*8 

5 * 1 

6,4 

7, 7 

9 *i 

10 

12- 

13 

i 4 

16 

17 

28 

20 

35° 


3.0 

4,6 

6,1 

7,6 

9 *i 

11 

12 

14 

I S 

*7 

18 

20 

21 

23 
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h7 

3 tS 

5*2 

7 * Q 

8*7 

IO 

1-2 

H 

l6 

*7 

*9 

21 

2-3 

*4 

26 

'IS* 

2 

3*9 

S »9 

7*8 

9,8 

12 

14 

16 

l8 

20 

22 

24 

*5 

! 27 

29 

500 

2$Z 

4*4 

6, S 
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13 

*5 

17 

20 

22 

24 

26 
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33 
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14 
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1 

19 

22 
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24 

26 

29 

3 1 

34 
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But as the generality of obfervers will be apt to 
negleCt this correction, it would be proper to form' 

two 
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two fets of divifions on fuch thermometers as are in¬ 
tended for trying the heat of liquors; one of which 
fhould be ufed when the tube is immerfed almoft to the 
top of the column of quickfilver; and the other, when 
not much more than the ball is immerfed; in which laft 
cafe the obferver fhould be careful, that the tube fhould 
be as little heated by the fleam of the liquor as pollible. 

It muft be obferved, however, that the heat of the liquor 
may be efhmated with much more accuracy by the firft 
fet of divifions, with the help of the correction, than it 
can by the fecond fet, as the latter method is juft only in 
one particular heat of the atmofphere, namely, that to 
which the divifions are adapted; but, if they are adapted 
to the mean heat of the climate for which the thermo¬ 
meter is intended, the error can never be very great, 
and, when the liquor is much hotter or colder than the 
air of that climate ever is, will be much lefs than if the 
firft fetof divifions were ufed without'any correction; but, 
when the liquor is within the limits of the heat of the 
atmofphere, greater accuracy will fometimes be obtained 
by ufing the firft fet of divifions than the fecond, for 
which reafon the latter fet fhould not be continued within 
thofe limits. I would willingly have given rules for the 
confirmation of this fecond fet of divifions, but am obliged 
to omit it, as it cannot be done properly without firft de¬ 
termining, by experiment, how much the quickfilver in 
the tube is heated by immerfing the ball in hot liquors. 

In a fpirit thermometer, the error proceeding from the 
fluid in the tube being not of the fame heat as that; in 

the 
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the ball, is much greater; as fpirits of wine expand much 
more by heat than quickfilver: for which reafon fpirit 
thermometers are not fo proper for trying the heat of 
liquors as thofe of quickfilver. 

Another circumftance which ought to be attended to 
in adjuffcing the boiling point of a thermometer is, that 
the ball ftiould not be immerfed deep in the water; for, 
if it is, the fluid which furrounds it will be compreffed 
by confiderably more than the weight of the atmofphere, 
and will therefore acquire a fenflbly greater heat than it 
would otherwife do. The moft convenient veffel I 
know for adjufting the boiling point is represented in 
fig. 1. abcd is the veffel; ab the cover, made to take on 
and off readily; e a chimney to carry off the fleam; fg 
the thermometer, paffed through a hole urn in the cover, 
and refling in a little bag fattened to the wire hk, in¬ 
tended to prevent the ball from being broken by acci¬ 
dentally fallin g to the bottom. This wire is made fo as 
to be raffed higher or lower at pleafure, and muft be 
placed at fuch a height that the boiling point fliall rife 
very little above the cover. The hole um is flopped 
with bits of cork or tow. By this means, as the tube is 
inclofed in a veffel intirely filled with the fleam of boil¬ 
ing water, the quickfilver in it is heated to the fame de¬ 
gree as that in the ball; and befides, that part of the tube, 
on which the boiling point is to be placed, is defended 
from the vapour, fo that it is eafy making a mark on the 
glafs with ink. If fuch a veffel as this is ufed, the 
thermometer will be found to ftand not fenflbly higher 
Vol. LXVI. Eee when 
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when tlie water boils vehemently than when it boils 
rently; and A the mouth of the chimney is covered by 
any light body, in fuch manner as to leave no more paf- 
lage for the fteam than what is neceffary to prevent the 
body from being blown off by the preffure of the in¬ 
cluded vapour, the thermometer will ftand only half or 
three quarters of a degree higher, if the ball is immerfed 
a little way in the water, than if it is expofed only to the 
fteam, But if the covering of the chimney is removed, 
the thermometer will immediately link feveral degrees, 
when the ball is expofed only to the fteam, at leaft if the 
cover does not fit clofe; Whereas when the ball is im¬ 
merfed in the water, the removal of the covering has fcarce 
any effect upon it. Whence it appears, that the fteam of 
water boiling in a veffel, from which the air is perfectly 
excluded, is a little but not much cooler than the water 
itfelf, but is confiderably fo if the air has the leaft admif- 
lion to the veffel. Perhaps a ftiil more convenient 
method of adjufting the boiling point would be not to 
immerfe the ball in the water at all, but to expofe it only 
to the fteam, as thereby the trouble of keeping the wa¬ 
ter in the veflel to the right depth would be avoided; 
and befides, feveral thermometers might be adjufted at 
the fame time, which cannot be done with proper accu¬ 
racy when they are immerfed in the water, unlefs the 
diftance of the boiling point from the bail is nearly the 
fame in all of them. At prefent there is fo. little uni¬ 
formity obferved in the maimer of adjufting thermome- 
tersj. that the boiling point, ,in inftruments made by our 

3 . beft 
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bell ardfts, differ from one another by not lels than 2 j°; 
owing partly to a difference in the height of the barome¬ 
ter at which they were adjufted, and partly to the quick- 
filver in the tube being more heated in the method ufed 
by fome perfbns than in that ufed by others. It is very 
much to be wifhed, therefore, that fome means were 
ufed to eftablilh an uniform method of proceeding; and 
there are none which feem more proper, or more likely 
to be effectual, than that the Royal Society Ihould take it 
into confideration, and recommend that method of pro¬ 
ceeding which lhall appear to them to be moft expe¬ 
dient. 


Of the barometer, rain-gage , wind, and hygrometer . 

T HE barometer is of the cittern kind, and the height 
of the quickfilver is eftimated by the top of its convex 
furface, and not by the edge -where it touches the glafs, 
the index being properly adapted for that purpofe. This 
manner of obferving appears to me more accurate than 
the other; becaufe if the quickfilver Ihould adhere lefs 
to the tube, or be lefs convex at one time than another, 
the edge will, in all probability, be more affedted by this 
inequality than the furface. I prefer the cittern to the 
fyphon barometer, becaufe both the trouble of obferving 
and error of obfervation are lefs; as in the latter we are 
liable to an error in obferving both legs. Moreover^ the 
quickfilver can hardly fail of fettling truer in the former 

E e e a than 
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than in the latter; for the error in the fettling of the 
quickfilver can proceed only from the adhefion of its 
edge to the tides of the tube; now the latter is affedted 
by the adhefion in two legs, and the former by that in 
only one: and,befides, as the air has neceflarily accefs to 
the lower leg of the fyphon barometer, the adhefion of 
the quickfilver in it to the tube will moft likely be dif¬ 
ferent, according to the degree of drynefs or cleannefs of 
the glafs. It is true, as Mr. de luc obferves, that the 
ciftem barometer does not give the true preffure of the 
atmofphere; the quickfilver in it being a little deprefied 
on the fame principle as in capillary tubes. But this does, 
not appear to me a fufficient reafon for rejecting the ufe 
of them. It is better, I think, where fo much nicety is 
required, to determine, by experiment, how much the 
quickfilver is deprefied in tubes of a given bore, and to 
allow accordingly. 

By fome experiments which have been made on this 
fubjedt by my father Lord Charles cavendish, the de- 
preflion appears, to be as in the following table: 


Infidedia- 
merer of 
tube. 

Grains of 
quickfil¬ 
ver in one 
inch of 
tube. 

Depreff. 
of iurface 
of quick¬ 
filver. 

Infide 

diame¬ 

ter^ 

Grains, 
of qnick¬ 
filver. 

DeprefL 
of fur- 
face. 

Infide 

diame¬ 

ter. 

Grains 
of quick¬ 
filver. 

Dcpreff, 
of fur- 
face. 

• >6 

972 

3 COJ 

>35 

33 1 

,025 

mm 

108 

,067 

>5 
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> 3 ° 

243 


O 

61 

,092 

)4 1 

43 ^ 

>°i 5 1 

j 2 S 

169 

>050 
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27 

1,40 
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The firft column is the infide diameter of the tube, 
exprefled in decimals of an inch; rhe fecond is the we.ght 
of a quantity of quickfilver fufficient to fill one inch in 
length of it; and the third is the correfponding depref- 
fion of the convex furface of the quickfiher in a ciftern 
barometer, whofe tube is of that fize. The reaLn of 
giving the fecond column is, becaufe the eafieft vt ay of 
afcertaining the infide diameter of the tube is, by finding 
the quantity of quickfilver fufficient to fill a gh en length 
of it. It is needlefs faying, that the part of the tube, 
whofe diameter is to be meafured, is that anfwering to 
the upper part of the column of quickfilver; and that 
the table can be of no ufe but to thofe only who obferve 
by the convex furface. 

In this barometer, the infide diameter of the tube is 
about ,25 of an inch, and conlequently the depreflion is 
,05; the area of the ciftem is near 120 times as great a3 
that of the bore of the tube; fo that as the quantity of 
quickfilver was adjufted when the barometer flood at 
29I, the error arifing from the alteration of the height 
of the quickfilver in the cifiern can fcarce ever amount 
to fo much as -^th of an inch. As the tube appeared to 
be well filled, it was thought unneceflary to have the 
quickfilver boiled in it;.but that is certainly the fureft 
way of filling a barometer well. 

The principal reafon of fetting down the mean heat 
of the thermometer within doors, during eacn month, 
in the journal of the weather, is thh: fuppofe chat any 
one defires to find the mean height of the barometer in 

any 
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any month, corrected on account of the heat of the 
quicldilver in the tube; that is, to find what would have 
been the mean height, if the quickfilver in the tube had 
been conftantly of a certain given heat. To do this it is 
fufficient to take the mean height of the barometer, and 
correct that according to the mean heat of the thermo¬ 
meter; the refult will be exactly the fame as if each ob- 
fervation had been corre6ted feparately, and a mean of 
the corrected obfervations taken. For example, fuppofe 
it is defired to find what would have been the mean 
height of the barometer in the month of Auguft 1775, 
if the quickfilver during that time had been always at 
50 degrees of heat: the mean of the obferved heights 
is 29,86 inches, and the mean heat of the thermometer 
is 65° or 50 + 15. The alteration of the height of the 
barometer by 15 0 of heat, according to M. de luc’s rule, 
is ,047 inches; confequently, the corrected mean height 
is 29,813. 

The veffel which receives the rain is a conical funnel, 
ftrcngthened at the top by a brafs ring, twelve inches in 
diameter. The fides of the funnel and inner lip of the 
brafs ring are inclined to the horizon, in an angle of 
above 65°; and the outer lip in an angle of above 50‘V*;; 
which are fuch degrees of fteepnefs, that there feems no 
probability either that any rain which falls within the 
funnel, or on the inner lip of the ring, ihould dafh out, 

(a) To make what is here faid the more intelligible, there is, in fig. a. 
given a vertical feftion of the funnel, abc and abc being the brafs ring, ba and 
ba the inner lip, and bc and be the outer. 

or 
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or that any which falls on the outer lip fhould dafh into 
the funnel. This vefifel is placed on fome flat leads on 
the top of the Society’s Houfe. It can hardly be fcreened 
from any rain by the chimnies, as none of them are ele¬ 
vated above it in an angle of more than 25 0 ; and as it is 
raifed 3^ feet above the roof, there feems no danger of 
any rain dafhing into it by rebounding from the lead. 

The ftrength of the wind is divided in the journal into- 
three degrees; namely, gentle, brifk, and violent or 
ftormy, which are diftinguifhed by the figures 1, 2, and 3. 
When there is no fenfible wind it is diftinguifhed by a 
cypher. 

In the future journals of the weather will be given 
obfervations of the hygrometer. The inftrument in¬ 
tended to be ufedis of Mr. smeaton’s conftruction, and 
is defcribed in Phil. Tranf. vol. LXI. p. 198. It is kept 
in a wooden cafe, made fo as to exclude the rain, but to 
leave a free paflage for the wind, and placed in the open 
ah, where the Sun fcarce ever fhines on it. The inftru¬ 
ment and cafe are both a prefent to the Society from Mr.. 
smeaton. The hygrometer was laft adjufted in Dec.. 
1775, and as the firing has now been in ufe upwards of 
Eve years, it is not likely to want re-adjufting foon.- 

Of the Fariathn Cbmpafs-.. 

IN this inftrument, the box which holds the needle is 
mot fixed, but turns horizontally on a center, and has an 
index, fattened to it, pointing to a divided arch on the 

brafs- 
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brafs frame on which it turns; and the method of ob- 
ferving is to move the box, till a line drawn on it points 
exactly to the end of the needle; which being done, the 
angle that the needle makes with the fide of the frame 
is Ihewn by the index. Fig. 3. is the plan of the inftru- 
ment; kiba is the brafs frame, the fides ab and ab being 
parallel; e e is a circular plate fattened thereto, 011 which 
cade, the box which holds the needle, turns as on a cen¬ 
ter; m is the needle, the pin on which it vibrates, being 
fixed in the center of the plate Ee ; b b is the divifion on 
the brafs frame; and g the index fattened to the box 
ciydc, furniftied with a vernier divifion; the divifion and 
vernier being coil Articled fo as to fiiew the angle which 
the line if makes with ab or ab. The inftrument is 
placed in the meridian by the telefcope urn, the line of 
collimation of which is parallel to ab, and is pointed to a 
mark fixed due North of it. 

Fig. 4. is a vertical fedtion of the inftrument paffing 
along the line f/; ab is the brafs frame; evde the box 
which holds the needle; ie the circular plate on which 
•it turns: n n is the needle; p and p are fmall plates of brafs 
fixed to the ends of it, on each of which is drawn a line 
ferving by way of index. Thefe pieces of brafs are raifed 
to fuch a height that their tops are on a level with the 
point of the pin on which the needle turns. The ufe of 
them is, that it is much eafier obferving this way than 
when the lines, ferving* by way of index, are drawn on 
the needle itfelf, as by this means the inconvenience pro¬ 
ceeding from -one kind of vibration in the needle is 

avoided. 
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avoided, s and s are two brafs plates, on each of which 
is drawn a line to which the index at the end of the 
needle is to point; there is alfo a line parallel to thefe 
drawn on the bottom of the box; thefe three lines form 
the line F/in fig. 3. x is a double microfcope intended 
to affifi: us in judging when the index p points exaftly to 
the line f, that is, to the line drawn on the plate s. It is 
placed fo, that a wire wcc? in its focus appears to coincide 
with this line; and in obferving, the box is moved till the 
wire appears alfo to coincide with the index p. 

The cap in the center of the needle is made to take on 
and off readily, and to fit on upon either face; fothat 
we may on occafion obferve with the under face of the 
needle uppermoft, as is reprefented in fig. 5. But the 
regular obfervations are always made with the needle in 
its upright pofition, and by the help of the index p only; 
the intention of the other index and of inverting the 
needle is, to fhew whether the line joining the indices 
p and p, or the line Pp as I flir.ll call it, is parallel to the 
direction of magnetifm in the needle, and thereby to find 
.whether, in the ufual method of obferving, the index g 
fhews the true angle which the direction of magnetifm 
Peakes with the fide ab. The way of doing this is as 
follows; having fuffered the needle to fettle, the obferver 
moves the box by means of the adjufting icrew t, till 
the index p coincides with the line f, and reads off the 
angle fhewn by the vernier. He then moves the box till 
the other index p coincides with the line/, which, as the 
pin on which the needle is fufpended is fixed tp tffe brafs 

Vol. LXVI. F f f frame, 
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frank,'may be done without any danger of altering the 
pofition of the needle or making it vibrate, and reads off 
the angle as before. The mean of thefe two is the true 
angle w hi ch the line vp makes with the fide ab, fup- 
pofing the divifion and vernier to be rightly conftru&ed, 
even though neither the lines r p nor f/ fhould pafs 
through the center of the pin. Having done this, he 
takes off the cap and inverts the needle, and obferves by 
both indices as before. It is plain, that if the line p p is 
parallel to the direction of magnetifm in the needle, this 
mean will agree with the former, fuppofmg that the 
magnetic variation has not altered between the obfei va¬ 
rious. On the other hand, if it is not parallel to the di¬ 
rection of magnetifm, but makes the variation appear 
greater than it ought to do when the needle is upright, 
it will make it appear as much lefs when the needle is 
inverted; fothat the mean of the two abovementioned 
means is the true angle which the direction of magne¬ 
tifm in the needle makes with the fide ab; that is, the 
time variation of the needle at that time and place, fup- 
pofing ab to be placed accurately in the meridian. Hav¬ 
ing thus found the true angle which the direction of 
magnetifm makes with ab, he fubtraCts that fhewn by 
the index p in the upright pofition of the needle; the 
difference is the error of the inftrument in the ufual 
manner of obferving. 

It was by this method that the error of the inftru- 

* J t i ^ 

ment, at the time, of the obfervations in 1774, was 
found to be io ; . For example, by a mean of the obfer- 

vations 
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vations made on Sept. 5. the variation with the needle, 
in its upright pofition, was 21.36 by the South end, and 
21.27 by the North; with the needle inverted it was 
21.19 by the South end, and 21.2 9 by the North. The 
mean of all four is 21.28, which is the true variation at 
that time and place r*;, and is 8 ; lefs than that ftiewii in 
the upright pofition of the needle by the South end, 
which is the end always ufed in obferving; fo that by 
this day’s experiment the error of the inftrument ap* 
peared to be 8'; but by a mean of the obfervations of 
this and two other days it came out 10'. Since that time 
the needle has been altered; and, at the time of the ob¬ 
fervations in 1 7 7 5, the error was io fmall as to be fcarpely 
fenfible. 

Great care was taken that the metal, of which this 

i 

variation compafs is compofed, ftiould be perfectly frep 
from magnetifm. There is a contrivance in it for lifting 
the needle from off the point, and letting it down gently, 
to prevent injury in carrying from one room to another. 
The inftrument is conftrubted nearly on the fame plaq 
as fome made by the late Dr. knight. The principal 
difference is, that in his the pin which carried the needle 
was not fixed to the lower frame as in this, but to the 
box; the confequence of which was, that when the needle 
had fettled, and the box was moved to make the index 
on the needle point to the proper mark, it was again put 

(i) The q uanti ty Found by taking a mean of all the four numbers is evi¬ 
dently the fame as that got by taking a mean of the two firft and of 
lafL and taking a mean of thofe two means. ' 

F f f 2 into 



3go M*. cavendish’s Account of 

into vibration, which caufed great trouble to theobferrer. 
This inconvenience is intirely removed by the prefent 
ccnfcruclion. There is no other material difference, ex¬ 
cept that of the needle being made to invert, and the ad¬ 
dition of the telefcope. Tne contrivance of fixing the 
pin a hich carries the needle to the lower frame, is taken 
from aninftrument of Lord chiles cavendish; that 
of mailin g the needle inveit I have feen in fome com- 
pafl.es made by sisson. 

There is a very commonfault in the agate-caps ufually 
made for needles, which is, that they are not hollowed to 
a regular concave, but have a little projecting part in the 
center of the hollow; theconfequenceof which is, that the 
point of the pin will not always bear againft the fame part 
of the agate, and confequently the needle will not always 
ftand horizontal; but fometimes one end will Land high eft, 
and fometimes the other, which caufes a difficulty in ob¬ 
serving. There is alfo another inconvenience attends it 
when the indices of the needle are on a level with the 
point of the pin, which is of more confequence; namely, 
that it caufes the two indices not to agree, and ccnfe- 
quently makes a fenflble error, when only one index is 
made ufe of, at leaft in nice oblervations; hut when the 
lines, ferving by way of index, are drawn on the needle 
itfelf, and therefore are nearly on a level with its center 
of gravity, it can caufe very little error. The agate cap, 
which wtis ‘firft made for this inftrument, was of this 
kind; and was fo faulty, that, if no better could have been 
procured, it would have’been neceflary either to have 
5 dra'wn. 
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drawn the lines ferving by way of index on the needle 
itfelf, or to have obferved by both ends, either of which 
would have been attended with a confiderable increafe 
of trouble to the obferver; but Mr. nairxe, the artift 
who made the inftrument, has fmce ground fome him- 
felf, which are perfectly free from this fault, the concave 
furface being of an extremely regular fhape and well 
poliiliecl, and alfo of a very fmall radius of curvature; 
which is a matter of confiderable coniequence, as other- 
wife the point of the pin will not eafily flip fufliciently 
near to the bottom of the hollow. 

Care was taken to place the variation compafs in a 
part of the houfe where it is as little likely to fie afledted 
by the attraction of the iron work as in any. that could 
be found. As it feemed, however, to be not entirely out 
of the reach of the influence of that metal, I took the 
following method to examine how much it was influ¬ 
enced thereby. The inftrument was removed into a 
large garden belonging to a houfe-in Marlborough Street, 
diftant from the Society’s Houfe about one mile and a 
quarter towards the Weft, where there feemed no danger 
of its being affe&ed by any iron-work. Here in jesus 
placed exadfly in the meridian, and compared for a few 
days with a very exa£t compafs, placed in an adjoining 
room, and kept fixed conftantly in the fame fituation. 
It was then removed back to the Society’s Houfe, and 
compared again with the fame compafs. The obferva- 
tions were as follow: 


Obfervations 
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OBfervations made with the Society’s inftrument in the 
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The inftrument being removed back to the Society’s 
houfe. 


Time. 

Vacation by 

A 

Diff.J 

Time. 

Variation by 

A —- 

Diff. 

r ■ 

Society’s 

Inftrum. 

Compafs 
in room. 

Society’s 

Inftrum. 

Compafs 
m room. 

1775 I 

h 

/ 

0 t 

0 t 

' 

177 5 

h * 

0 / 

0 r 

1 

Aug. 2 

1 

00 

2 t 45 

21 32 

+ 13 

Aug. 4 

10 50M 

21 47 

“ 33 

+ 14 


r 

IG 

44 

3 ° 

+14 


II O 

47 

34 

+ i 3 


1 

20 

46 

29 

+ 17 


II IO 

47 

35 

+ 12 


1 

3 ° 

47 

29 

+ 18 


II 20 

47 

35 

+ 12 


X 

40 

47 

32 

+ 15 


XI 30 

46 

35 

+ XI 


l 

50 

47 

3 * 

+ 16 


II 40 

47 

34 

+ *3 


2 

O 

47 


+ 16 







By a mean of the obfervations, the variation ftiewn by 
the compafs in the room is i',3 greater than by the So¬ 
ciety’s'inftmment in the garden, and I4',i than by 
the fame inftrument placed in its proper fituation; fo 
that the variation appears to be 15',4 greater in that part 
of the Society’s Houfe where the compafs is placed, than 
in the abovementioned garden; and therefore, as there 
is no likelihood of its being affe&ed by any iron in the 
latter place, the needle feems to be drawn afide 15^ 
towards the N.W. by the iron work of the houfe and 
adjacent buildings. 

On comparing the obfervations of the two laft years 
together, the variation appears, after allowing for the 
error of the inftrument, to have been a 7' greater in 17 7 5 
than in 1774; though I have been informed by Dr. 

HEBERDEN, 
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heberden, who has made obfeiv ations of this hind for 
feveral years paft, that the annual alteration of the varia* 
tion has, in general, been not more than i o'; and in par¬ 
ticular, that the alteration in the laft year appears to be 
only i ij'; fo that the great difference obferved at the 
Society’s Houfe feems to be owing, not folely to the real 
alteration in the variation, but partly to fome other caufe; 
though what that fhould be I cannot conceive, unlefs 
fome change was made in the iron work either of this 
or the adjo inin g houfes between the two periods; but I 
do not find that any fuch change has been made. During 
the laft year, indeed, there have been two large magnets 
in the houfe, each confifting of feveral great bars joined 
together, being what the late Dr. KNlGHTufed formaking 
artificial magnets, and at the time of the obfervations in 
1774 there was only one; but their diftance from the 
compafs is above fifty feet; and I am well affured, that 
in the fituation in which they are a£hially placed, they 
canno t draw the needle afide more than 3', and not more 
than 15', when the line joining their poles is placed in 
fuch a direction as to ad with moft foreew. The fingle 

(c) The principle by which this was determined is, that if a magnet is 
placed near a variation compafs, with its poles equi-Mant from it, and fituated 
fo that each fhail aft equally oblique to the length of the needle, it can have no 
tendency to alter the variation; and that the fituation in which it alters it moft, 
except when placed nearly North or South of the compafs, is when the line 
joining its poles points almoft direftly towards the needle. This experiment I 
tried purpofeijron foe oceafioir, and found it anfwer; but, I believe, any one 
Stilled in magnetifia tfeuld have granted the truth of the pofition without that 
pmamtion* 


magnet 
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magnet in the year 1774 was placed nearly in the fame 
fituation and dire&ion that the two were in 17 7 5, fo that 
the difference of their effect in thefe two years can hardly 
have been fo much as 3'; and therefore, the great appa¬ 
rent alteration of the variation between the two periods 
cannot have been owing to them. Neither can it have 
been owing to the fault of the agate cap nfed in the year 
1774, as the error proceeding from thence could hardly 
be more than a or 3'. It is intended that, for the future, 
the abovementioned magnets fhall be kept always in the 
fame fituation and direction that they are in at prefent, 
and in which they were in 17 7 5. 

Of the Dipping-needle . 

IN this inftrument the ends of the axis of the needle 
roll on horizontal agate planes, a contrivance being ap¬ 
plied, by which the needle is at pleafure lifted off from 
the planes, and let down on them again, in fuch manner 
as to be fupported always by the fame points of the axis 
retting on the fame parts of the agate planes; and the 
motion with which it is let down is very gradual and 
without fhake. The general form of the inftrument, 
the fize and ihape of the needle, and the crofs ufed for 
balancing it, are the fame as in the dipping-needle de¬ 
fended in Phil. Tranf. vol. LX1I. p. 47 6. It is alfo made 
by the fame artift Mr. nairne. 

It may be feen in the Meteorological Journal, that the 
dip was obferved firft with the front of the inftrument 

Vol. LXY 1. Ggg to 
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to the Weft, and then to the Eaft; after which the poles 
of the needle were reverfed, and the dip obferved both 
ways as before* The reafon of this is, that the mean of 
the obferved dips, in thefe four fituations, differs very 
little from the truth, though the needle is not well ba¬ 
lanced, and even though a great many other errors are 
committed in the conftru&ion of the inftrument; pro¬ 
vided the needle is made equally magnetical after the 
poles are reverfed as before w; and that the difference of 
the obferved dip, in thefe four fituations, is not very 
great, as will appear from the following confiderations. 

Firft, let fig. 7. be a front view of the needle; ab a 
line parallel to the direction of magnetifm therein; and 
cd a perpendicular thereto, meeting it in the line joining 
the centers of the cylindrical ends of the axis,or in the axis 
of motion as we may call it. If the needle was truly ba¬ 
lanced, its center of gravity would be in 4 the interfedUon 
of ab and cd. Suppofenow, that the needle is not truly 
balanced, but that its center of gravity is in g; draw gn 
perpendicular to ab, cutting it in m\ and let the parts 
mn and mg be equal. When the inftrument is turned 
half-way round, fo that the contrary face of the needle 
is prefeiited towards us, the edge adb, which is now 
loweft, will become uppermoft, and the center of gravity 
will be in that fituation in which the point n now is; 
’dserefore, the mean between the forces with which the 

(d) & is wfy to fee whether the needle is made equally magneti'cal after 
the poles are reverfed as before,‘by counting the number of vibrations which it 
makes in a minute. 

I 
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needle is drawn out of its true pofition in thefe two fitpa- 
tions, in confequence of its not being truly balanced, is 
accurately the fame; and the mean between the two ob« 
ferved clips is very nearly the fame, as if the center of 
gravity was at m. But if the center of gravity is at m 9 
the dip will be very nearly as much too great in the pre- 
fent Rate of the needle, as it will be too little when the 
poles are reverfcd. Therefore, the mean of the obferved 
dips in thefe four fituations will be very nearly the fame 
as if the needle was truly balanced. 

Secondly, if the planes on which the axis rolls are not 
horizontal', the dip will be very nearly as much greater 
than it would otherwife be, when one face is turned to 
the Weft, as it is lefs when the other is; for if thefe planes 
dip towards the South in one cafe, they will dip as much 
towards the North in the other, fuppofing the levels by 
which the inftrument is fet to remain unaltered. Con- 
fequently, the mean of the two obfervations will be very 
nearly the fame as if they were placed truly horizontal. 

Thirdly, by the fame method of reafoning it appears, 
that the mean of the two abovementioned obfervations 
will be not at all altered, though the line, joining the 
mark on that end of the needle by which we obferve, 
with the axis of motion, is not parallel to the dire6tion of 
magnetifm in the needle; that is, though the mark does 
not coincide with the point a or b, or though the line 
joining the two divifions of 90° is not perpendicular to 
the horizon, or though the axis of motion does not pafs 
through the center of the divided circle, provided it is in 

G g g 1 the 
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the fame horizontal plane with it. If, indeed, the axis cf 
motion is not in the fame horizontal plane with the ce:.l:r 
of the divided circle, the error proceeding from thence 
will not be compenfated by this method of obfervmg, 
uftlefs both ends of the needle are made life of. Thus, 
however, is of no confequence as, it is eafy to examine 
whether they are in the fame horizontal plane or net. 

But the error which is moft difficult to be avoided is, 
that which proceeds from the ends of the axis being not 
truly cy lind rical. I before faid, that the parts of them 
which reft on the agate planes are always exactly the 
lame. The inftrument is lb contrived, however, that we 
may on. occafion, by giving the axis a little liberty in the 
notches by which it is lifted up and down, make thofe 
planes bear againft a part of the axis diftant about ~ 
or ~th of an inch from their ufual point of bearing. 
Now, I find, that when the axis is confined fo as to have 
none of this liberty, and when care is taken, by previoully 
making the needle ftand at nearly the right dip, that it 
ffia.11 vibrate in very fmall arches when let down on the 
planes; that then, if the needle is lifted up and down 
any number of times, it will commonly fettle exactly at 
the fame point each time, at leaft the difference is fo fmall 
as to be fcarcely fenfible; but if it is not fo confined, 
there will often be a difference of a a' in the dip,, ac¬ 
cording as different parts of the axis reft on the 
planes, and that though care is taken to free the axis and 
planes from duft as perfectly as poffible, which can be 
owing only to fome irregularity in the axis. Moreover, 
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if the needle vibrates in arches of five or more degrees, 
when let down on the planes, there will frequently be as 
great an 'error in the dip. It is trne, that the part of the 
agate planes, which the axis refts on when the vibrations 
are flopped, will be a little different according to the 
point which the needle flood at before it was let down; 
which will make a fmall difference in the dip as fftewn 
by the divided circles, when only one end of the needle 
is obferved, though the real dip or inclination of the 
needle to the horizon is not altered: but this difference is 
by much too fmall to be perceived; fo that the above- 
mentioned error cannot be owing to this caufe. Neither 
does it feem owing to any irregularity in the furface of 
the agate planes, for they were ground and poliflied with 
great accuracy; but it moft likely proceeds from the axis 
flipping in the large vibrations, fo as to make the agate 
planes bear againft a different part of it from what they 
would otherwife do. I have great reafon to think, that 
this irregularity is not owing either to want of care or 
ikill in the execution, but to the unavoidable imperfec¬ 
tion of this kind of work. I imagine too, that this inftru- 
ment is at leaft as exact, if not more fo, than any which 
has been yet made. 

The following table contains the refult of fome ob- 
fervations which I made, partly with a view to determine 
the true dip at this time'in a place out of reach of the 
influence of any iron work, and partly to fee how nearly 
different needles would agree. The inftraments were all 
tried in the fame garden in which the variation compafs 
was obferved, and all on the 1 oth, 1 ith, 13th, and 14th 
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days of October, 1775, except that marked *, which was 
tried on the 15th of the preceding April. 






! 

Poles reftored to 





Poles reverfed. 

their firft fitu- 







ation. 


True 


Eaft 

Weft 

Eaft 

Weft 

Eaft 

Weft 

Dip. 

TheSociety J s needle, 
Another of the fame ■% 

. 

72 32 

72 8 

72 9 

72 40 

72 59 

7 1 50 

72 23 

conftru&ion, be- 1 
longing to Mr. j 

72 56 

•72 29 

45 

73 

72 S 1 

72 27 

72 37 

NAIRNE, J 

One of mine on ] 






72 18 

72 30 

yearly the fame > 
conftru&ion, J 

72 33 

72 22 

71 41 

73 23 

72 34 



Another needle ini 
the lame frame, j 
A needle of mine. 

72 22 

72 7 

71 40 

73 53 

72 16 

72 3$ 

72 33 

made by sisson. 







.72 27 

partly on the fame 

1 conftruSion as 
Mr.LORIMEltV 0) 

^73 1 

i 

7149 

7i 57 

73 




Another of Mr. 1 

7 3 8 







nairne*$ on the ? 
ferfie conftra&ioa, J 

72 c 

» 73 15 

7* 57 

• 


72 35 



Each of the numbers fet down in the above table is 
the mean of two obfervations, the inftruments being ob~ 
ferved firft with the front to the Eaft, then to the Weft; 
then a fecond time to the Eaft, and then again to the 
Weft; and in all the obfervations, except thofe with the 
two laft inftruments, which are of a different conftruc- 
tion, care was taken that the needle fhould vibrate in very 
fmall arches when let down on the agate planes. By 
a mean of all, the true dip. at London, at this time, 
comes out 7 1° 30', the different needles all agreeing 

(e) See Phil. TranC vol. LXV, p. 79. 


within 
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within 14', which is a difference confidently lefs than I 
fhould have expedted. It appears alfo, that the dipping- 
needle, in the fituation in which it is placed at the So¬ 
ciety’s Houfe, is not much affected by any iron work, as 
the dip fhewn by it in the garden differs only 7' from 
that fet down in the journal of the weather. 

According to norman, the inventor of the dipping- 
needle, the dip at London in the year 15 76 was 71° 50V*;; 
in 1676 it was 73 0 47', according to Mr. bondW; Mr. 
whiston in 1720 made it 75 0 Mr. graham in 

1723 made it between 73! or 7 5°W, his different trials 
varying fo much; and at prefent it appears to be 7 2 0 30'. 
I do not know how much Mr. bond’s determination is to 
be depended on, as he does not fay by what means he 
arrived at it; but, I believe, Mr. whiston-’s-Is pretty ac¬ 
curate, for he obferved the dip in many parts of the 
kingdom, and the obfervations agree well together; fo 
that it is reafbnable to fuppofe, that his inffrument was a 
good one, and that he obferved in places where the needle 
was not much influenced by iron work. The dip, there¬ 
fore, feems to have been confiderably greater about the 
year 1720, than it was in Norman’S time, or is at pie— 
fent: it appears, however, to alter very flowly.in com¬ 
panion of the variation. 

(e) New Attra&ive, c. 4. (f) Longitude found, p. 65. 

(g) Longitude and Latitude found by Dipping-needle, p. 7, 49 s aiwJ 94 * 

(b) Phil. Tran£.N° 389.5. 333. 
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XXII. fbe Method taken for preferring the Health of the 
Crew of His MajeJifs Ship the Refolution during her late 
Voyage round the World. By Captain James Cook, 
F. R. S. Addrejfed to Sir John Pringle, Bart . P. R. S. 


TO SIR JOHN PRINGLE* BART. P. R. S. 


Mile*end, 

S 1 R* March $,177$* 

s. Mar. 7, /L s many gentlemen have exprefled fome 

1776. Jf\^ £ ur p T f lQ at the uncommon good Hate of 
health which the crew of the Refolution , under my com¬ 
mand, experienced during her late voyage; I take the 
liberty to communicate to you the methods that were 
taken to obtain that end. Much Was owing to 
the extraordinary attention given by the Admiralty, in 
caufing filch articles to be put on board, as either "by ex¬ 
perience or conjecture were judged to tend molt to pre- 
ferve the health of feamen. I ihall not trefpafs upon 
your time in mentioning all thofe articles, but confine 
myfelf to filch as were found the molt ufeful. 

We had on board a large quantity of Malt, of which was 
made fweet-wort, and given (not only to thofe men who 
had manifeft fymptoms of the fcurvy, but to fuch alfo as 
were, from circumftances, judged to be molt liable to 

' *that 
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that diforder) from one to two or three pints in the day to 
each man, or in fuch proportion as the furgeon thought 
neceffary; which fometimes amounted to three quarts in 
the twenty-four hours. This is without doubt one of the 
belt antifcorbutic fea-medicines yet found out; and if 
given in time will, with proper attention to other tilings, I 
am peifuaded, prevent the fcurvy from making any great 
progrefs for a confiderable time: but I am not altogether 
of opinion, that it will cure it in an advanced hate at fea. 

Sour Krout, of which we had alfo a large provifion, 
is not only a wholefome vegetable food, but, in my judg¬ 
ment, highly antifcorbutic, and fpoils not by keeping. A 
pound of it was ferved to each man, when at fea, twice 
a week, or oftener when it was thought neceffary. 

Portable Soup or Broth, was another effential article, of 
which we had likewife a liberal fupply. An ounce of 
this toeachman, or fuch other proportion as was thought 
neceffary, was boiled with their peafe three days in the 
week; and when we were in places where frelh vegetables 
could be procured, it was boiled with them and withwheat 
or oatmeal, every morning for breakfaft, and alfo with 
dried peafe and frelh vegetables for dinner. It enabled us 
to make feveral nourifliing and wholefome meffes, and 
was the means of making the people,eat a greater quan¬ 
tity of greens than they would have done otherwife. 

Further, we were provided with Rob of lemons and 
-oranges; which the furgeon found affeful in feveral 

Vol. LXVI. H h h Amongft 
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Amongft other articles of viaualling we were fur- 
nifli ed with fugar in the room of oil, and with wheat in¬ 
stead of much oatmeal, and were certainly gainers by the 
exchange. Sugar, I imagine, is a very good antifcorbutic; 
whereas oil, fuch at leaft as is ufually given to the navy I 
apprehend has the contrary effect. But the introduction 
of the moft falutary articles, either as provifion or medi¬ 
cines, will generally prove unfuccefsful, unlefs fupported 
by certain rules of living. 

On this principle, many years experience, together with 
fome hints I had from Sir hugh palliser, the Captains 
CAMPBELL, WALLIS, and other intelligent officers, ena¬ 
bled me to lay down a plan whereby all was to be con¬ 
ducted. The crew were at three watches, except upon 
ibme extraordinary occafions. By this means they were 
jaot fo much expofed to the weather as if they had been 
at watch and watch: and they had generally dry-cloaths 
to- fhift themfelves when they happened to get wet. 
Care was alfo taken to expofe them as little as poffible. 
Proper methods were employed to keep their perfbns, 
hammocks, bedding, cloaths, &c. conftantly clean and 
dry. Equal pains were taken to keep the fhip clean and 
dry between decks. Once or twice a week fhe was aired 
with fires; and when this could not be done, fhe was 
fixtoaked with gunpowder moiftened with vinegar or wa¬ 
ter. Ihad alfo frequently a fire made in an iron pot at the 
bottom of the well, which greatly purified the air in the 
lower parts of the fhip. To this and cleanlinefs, as well 
in the fhip as amongft the people, too great attention 
- 4 , cannot 
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cannot be paid; the leaft neglect occafiohs a putrid, of- 
fenlive fmell below, which nothing but fires will re¬ 
move: and if thefe be not nfed in time, thofe fmells 
will be attended with bad confequences. Proper 
care was taken of the fliip’s coppers, fo that they were 
kept conftantly clean. The fat, which boiled out of 
the fait beef and pork, I never fuffered to be given to the 
people, as is cuftomarv; being of opinion that it promotes 
the icurvy. I never failed to take in water wherever it 
was to be procured, even when we did notfeem to want it; 
becaufe I look upon frefli water from the lhoreto be much 
morewholefome than that which has been kept fome time 
on board. Of this effential article we were never at .an al¬ 
lowance, but had always abundance for every neceffary 
purpofe. I am convinced, that with plenty of tfeih water, 
and a clofe attention to cleanlinefs, a drip’s company will 
feldom be much afflidted with the fcurvy, though they 
fiiould not be provided with any of the antifcorbutics be¬ 
fore mentioned. We came to few places where either 
' the art of man or nature did not afford fome fort of 
refrefhment or other, either of the animal or vegetable 
kind. It was my firft care to procure what could be 
met with of either by every means in my power, and 
to oblige our people to make ufe thereof, both by 
my example and authority; but the benefits arifing 
from fuch refrefhments foon became fo obvious, that 
f had little occafion to employ either the one or the other. 

Thefe, sir, were the methods, under the care of Provi- 
■ dence, by which the Refokition performed a voyage of 

II h h a three 
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three years and eighteen days, through all the climates* 
from' 5 a.® North to 71 0 South, With the lofs of one man. 



otfefs%ere unfortunately drowned,: and one hilledjby 
a falfvfS-that of the. Whole number with which I ftm 
from England I loft only four.. 


1 have the honour to-be,, sir, &ca 


Vi^ irnB nf a tJiie't from 1 CapPaih-Ciodk) ztfd'iSifeffif&kte 

%y rt#^® 3sa 
EL ¥ agree with you r that: the dbaimtfy on; 

l"rs- 'ftrSL TlL'.' wi -v ^ tt— rT1 ~t-\ -i tA r\t- 4-^-. 


l&jjto X*/ J.lv*\^w.Jb.OJL jr $ aw vijcwj A-tJut+jr v/lx+vz . 

h fiive- i^^^dj^moh of. tbehh alotib;. NdWhavuY'a^^ 
higher'^H^^:'W'yinegafV'' my people 0 had" 1 ir'v|rf ^ 
f]pl^^^dnSng,the Ike voyage ;; and towards the latter " 
pao^^nbtfd at dll;, aM : yet : Wb experienced no ill eftedtst" 1 
frdmthe Want? of 7 ol wafhing the;inpd^p^ 

of theihipWith. vineggr I ^domsobferved, thiiftah^SjS^^ 
firie andftnohe anfweredthe purpofe muchhettar^' 1 ^ Al ~ 
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XXIII. Extraordinary Electricity of theAtmofpbere obferved 
at Iflington on the Month of October, 1775. By Mr . 
Tiberius Cavallo. Communicated by William Watfon,- 
M. D. V. P. R. S.. 


r. Mar. i 2 ,T 3 efORE I enter on the particular nar-- 
177 ' -D ration of the obfervation made with an- 
electrical kite on the iSth of laft October, it will be 
neceflary to give an idea of the fcale of my quadfant- 
electrometer ufed on the occafion,- which, being oon-- 
ftruCted in fome meafure different from what are comrp 
monly fold in fhops, will, no doubt, give an unfettled 
idea-of my narration, by exprefling the fame intenlity of 
eleClricity under different degrees from the others.- In- 
order to this, therefore, it muft be obferved, that, when 
the kite is raifed, I generally conneCt with the end of its- 
firing a fro all cylindrical conductor, nine inches long and 
one inch diameter, made of pafteboard covered with tin-' 
foil; with this I conneCt the quadrant electrometer, which v 
fhews me exactly the flate, increafe, and decreafe of elec¬ 
tricity.. The apparatus being thus difpofed, I have oh-- 
ferved, that when the electrometer is at io°, a little 
bran prefented to the conductor will be attracted by it at 
the diflance of about fix-tenths of an inch; when the 
electrometer is at 20°, the bran will be attracted at the 
diftance of one inch and a quarter; when at 30% it will 

be- 
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Be attracted the difiance of two inches and one-fifth; 
and when at- 3 5°, it will be attracted at the diftance of 
three inches. This being premifed, I come now to the 
narration of the experiment. 

- October the 1 8th, after having rained a great deal in 
the morning and night before, the weather grew a little 
clear in the afternoon, the clouds appearing feparated and 
pretty well defined; the wind was Weft, and rather 
ftrong, and the atmofphere in a temperate degree of heat. 
In thefe circumftances, at three o’clock in the afternoon, 

I raifed a fmall electrical kite, which meafured three feet 
nine inches in length, and three feet in breadth, giving to 
it 360 feet of wired fixing. The angle that the firing, or 
rather the cord of the incurvated firing, generally made 
with the horizon, was near 6o°, and, in confequence, the 
kite’s perpendicular height was about 3 ro feet. After 
the end of the firing had been infulated with a filk lace, 
and a leathern ball covered with tin-foil had been hanged 
to it, I tried the power and quality of the electricity, and 
found it pofitive and pretty ftrong; in a little time a fmall 
cloud paffing over, the electricity increafed a little; but the 
cloud being gone, it decreafed again to its former degree. 
The firing of the kite now was fattened by the filk lace 
to a poft in the yard of the houfe where I live, which is 
fituated near Iflington; and I was amufing myfelf and 
fome other perfons with charging two coated phials, and 
giving feveral fhocks with them. While I was fo doing, 
the electricity; ftill pofitive, began to decreafe; and in two 
or three mihutes time it was fo weak, that it could-be 

hardly 
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hardly perceived with a very fenfible electrometer, made 
with two cork balls after Mr. canton’s manner. Seeing 
at the fame time, that a large and black cloud was ap¬ 
proaching the zenith, which, no doubt, caufed the de- 
creafe of electricity, indicating imminent rain, 1 intro¬ 
duced the end of a firing through a window in a firft- 
floor room, wherein I fattened it by the filk lace to an old 
chair; the quadrant electrometer was fixed upon the fame 
window, and was connected by a wire with the firing of 
the kite. Being now three quarters of an hour after three 
o’clock, the electricity was abfolutely unperceivable; 
however, in two or three minutes time it began again to 
appear, but now, upon trial, was found to be negative; 
fo that it was plain, that its flopping was no more than a 
change from pofitive to negative, which was evidently 
occafioned by the approach of the cloud; part of which 
by this time had reached the zenith of the kite, and the 
rain alfo had began to fall in large drops. The cloud 
came farther on, the rain increafed, and the electricity 
keeping pace with it, the electrometer foon arrived to 
15 0 . Seeing now that the elearicity was pretty ftrong, I 
took again the two coated phials, and began again to 
charge them, and to give fhocks to feveral by-ftajders; 
but the phials were not charged above three or four 
times, before I perceived that the electrometer w T as ar¬ 
rived to 35 0 , and was till increafing. The ihocks now 
being, very fmart, I defifted from charging the phials any 
longer;, and, confidering the rapid advances of me elec¬ 
trometer, thought to take off the infulation of the firing. 
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in cafe, that, if the elearitity fhould increafe farther, it 
might be filently condu&edto the earth, without caufmg 
any bad accident by being accumulated in the infulated 
firing. To effea this, as I had no proper apparatus near 
me, I thought to take away the filk lace, and fatten the 
firing itfelf to the chair; accordingly I difengaged the 
wire that connedted with the eledfrometer, laid hold of 
theftring, untied it from the filk lace, and fattened it to 
the chair. But while I effeded this, which took up-lefs 
thatihalf a minute, I received about a dozen or fifteen very 
hard ftiocks, which I felt all along my arms, in my breaft 
and legs, fhaking me in fuch a manner, that I had hardly 
power enough to effedt my purpofe, and to warn the peo¬ 
ple in the room to keep their diftance. As foon as I took 
my hand off of the fixing, the eiedtrical fluid, in confe- 
quence of the chair being a bad condudtor, began to fnap 
.between the firing and the Ihutter of the window, which 
was the neareft body to it. The fnappings, which were 
audible at a good diftance out of the room, feemed at firft 
ifocbronous with the fliocks I had received; but in about a 
minute’s time they became more frequent, fo that the peo¬ 
ple of the houfe compared their found to the rattling noife 
of a jack going when the fly is off. The cloud was now 
juft over the kite; it was black and pretty well defined, of 
almoft a circular form, its diameter appearing to be about 
40°. The rain was copious, but not remarkably heavy* 
As the cloud was going off, the eiedtrical fnappings began 
to weaken, and in a ftiort time became unaudible. I went 
(then near the firing, and finding the eledtricity weak. 
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but ftill negative, I infulated it again, thinking to 
keep the kite up fome time longer; but, as another 
larger and denfer cloud was approaching apace towards 
the zenith, and I had then no proper apparatus to 
prevent bad accidents, I refolved to pull the kite in. 
Accordingly, a gentleman, who was by me, began 
pulling it in, while I was winding up the firing. The 
other cloud was now very nearly over the kite; and the 
gentleman who was pulling in the ftring told me, that 
he had received one or two flight fhocks in his arms; 
and that, if he were to receive one more, he would cer¬ 
tainly let the ftring go. Upon which 1 laid hold of the 
ftring, and pulled the kite in as faft as I could, without 
any farther obfervation. When the kite was pulled in, 
it was ten minutes after four o’clock; fo that all the time 
that this experiment took up was one hour and ten mi¬ 
nutes. There was neither thunder or lightning per¬ 
ceived that day, nor indeed for fome days before or after¬ 
wards. 


T * * 
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XXIV. propofols for tbs Recovery of People apparently 
dr evened. By John Hunter, Efq. F. R. S. 


R. Mar. 21, T T AVING been reqnefted by a principal 
i/; °' Jtl member of the fociety, lately eltablifhed 
for the recovery of perfons apparently drowned, to com¬ 
mit my thoughts on that fubject to paper; I readilyxom- 
plied with his requeft, hoping, that, although I have had 
no opportunities of making actual experiments upon 
drowned perfons, it might be in my power to throw fome 
lights on a fubject fo clofely connected with the inquiries 
which, for many years, have been my favourite bufinefs 
and amufement. I therefore collected together my ob- 
fervations and experiments relative to the lots and reco¬ 
very of the actions of life, and fhewed them to a Society 
of which I am a member; who approved of them as new 
and curious, and unanimoufly recommended their being 
fubmitted to the judgement of this learned Body. The 

practice is new, and has furnifhed as yet few important 
and clear fadts. If we judge of the queftion by our ge¬ 
neral knowledge of the animal oeconomy, I am afraid, 
it is fo imperfectly underltood, that our reafoning from it 
alone could not he relied on: neverthelefs, on a fubjedt fo 
interefting to humanity, we muft not be idle; we mult 
throw out our obfervations, and reafon as well as we can 

from 
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. from the few data we have, in hopes that the fubjeCt, 
thus put fairly into the hands of the pubiick, may in 
time, by their united endeavours, become perfectly un- 
dcrftood. 

I fhall confider an animal, apparently drowned, as not 
dead; but that only a fuipenfion of the actions of life has 
taken place. This, probably, is the cafe in the begin¬ 
ning of all violent deaths, except thofe caufed by light¬ 
ning or electricity, by which abfolute death may be pro¬ 
duced inftantaneoufly. 

How a blow on the ftoinach caufes death I have not 
been able to afeertain. In all thofe cafes which have 
fallen under my obfervation, the concomitant circum- 
ftances have been fuch as alfo attend death caufed by 
electricity; viz. a total and inftantaneous privation of 
feafe and motion without convulfions, and confequently 
without any fucceeding rigor of mufcles, totally differing 
in thefe tircumftances from death, where the perfon is 
ftruck fenfelefs by any injury done to the brain. I fhould 
confider the fituation of a perfon drowned to be fimilar ' 
to that of a perfon in a trance. In both the aCtion of 
l-ife is fufpended, without the power being deftroyed; but 
I am inclined to believe, that a greater proportion of per- 
fons recover from trances than from drowning; becaufe a 
trance is the natural effect of a difpofition in the perfon 
to have the aCtion of life fufpended for a time; but 
drowning being produced by violence, the fuipenfion will 
more frequently laft for ever, unlefs the power of life is •' 
roufed to aCtion by fome applications of art. That - I '■ 

I i i a may 
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may more folly explain my ideas upon this fubjetft, it 
w ili be neceflary to ftate fome propofitions. 

pirft, that fo long as the animal retains the powers, 
though deprived of the action, of life, the caufe of that 
privation may frequently be removed; but, when the 
pov.ers of life are deftroyed, the adtion ceafes to be re¬ 
coverable. Secondly, it is neceflary to mention that I 
confider part of the living principle as inherent in the 
bloods;. The laft propofition I have to eftablMh. is, that 
the ftomach fympathizes with every part of an animal, 
and that every part fympathizes with the ftomach; there¬ 
fore, whatever acts upon the ftomach as a cordial, or 
roufes its natural and healthy actions, and whatever af- 
fefts it, fo as to produce debility, has an immediate effedt 
upon every part of the body. This fympathy is ftrongeft 
with the vital parts. Belides this univerfal fympathy 
between the ftomach and all parts of the body, there are 
peculiar fympathies; for inftance, the heart fympathizes 
immediately with the lungs. If any thing is received 
into the lungs, which is a poifon to animal life, fuch as the 
vplatile part in the burning of charcoal, volatile vitriolic 
acid,, and many other well known fubftances, the motion 
df the heart immediately ceafes, much fooner than ift&e 

(a) That the living principle is inherent in the blood, is a do&rine which 
the nature of this paper will not allow me at prefent to difcufs; thus much, 
however, it tnzj he ptoper to fay, that it is founded on the refults of'many 
experiments.! But it may be thought neceflary here, to give a definition of what 
[ call the living principle : fd far as I have ufed that term in this paper, I mean, 
:o exprefs that principle. Which preferves" the body from diffolution with* or 
vithout aflion, and is the caufe of ail its aftions, ’ 1 i 

* trachea 
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trachea had been tied; and from experiments it appears, 
that any thing falntary to life, applied to the lungs, will 
reftore the heart’s addon after it has been at reft fome 
time. 

’ I fhall divide violent deaths into three kinds. Firft, 
where only a flop is put to the action of life in the ani¬ 
mal: not, however, by any irreparable injury to a vital 
part. If this addon is not reftored in a certain time, it 
will be irrecoverably loft. The length of that time is 
fubjedt to confiderable variation; which probably de¬ 
pends on circumftances, we are at prefent unacquainted 
with. The fecond is, where an injury is done to a vital 
parti as, by taking away blood till the powers of adtion 
are loft, by a wound or preffure on the brain or fpinal 
marrow; notwithftanding which, there remains fuffi- 
dent life in the folids, if adions could be reftored to the 
vital parts. The third is, where abfolute death in- 
ftantly takes place in every part,, which is often the cafe 
in ftrokes of lightning; in the common method of kill¬ 
ing eels, by throwing them on fome hard fuhftance, in 
fuch manner as that the whole length of the animal fhall 
receive the fhock at the fame inftant; and, as I believe, 
"by a blow on the ftomach; in all which cafes the muf- 
cles remain flexible w* 

( (i) On the other hand, when an eel is killed by chopping it into a number 
of pieces, the powers of life are by thofe means roufed into action; and, as pveiy 
part dies in that a&ive ftate, every part is found ftiff after death. This explains 
the cuftom of cutting fifti into pieces while yet alive, in order to niakfi them, 
hard, ufually known by the name pf crimping... .51 ,1' lim 1 * 

Nor 
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Now, the prefent confideration is, which of the kinds 
of violent death drowning comes under ? 1 think, it 
comes under the firft; and upon that ground I fhall con- 
iider the fubjedt. 

The lofs of motion in drowning feems to arife from 
the lofs of refpiration, and the immediate effects which 
this has upon the other vital motions of the animal; at 
leaft, this privation of breathing appears to be the firft 
caufe of the heart’s motion ceafmg; therefore, moft pro¬ 
bably, the reftoration of breathing is all that is neceflary 
to reftore the heart’s motion: for if a fufficiency of life 
ftill exifts to produce that effedt, we may fuppofe every 
part equally ready to move the very inftant in which the 
addon of the heart takes place, their actions depending 
fo much upon it. What makes it very probable, that 
the principal effedt depends upon air being thrown into 
the lungs, is, that children in the birth, when too much 
time has been fpent after the lofs of that life which is pe¬ 
culiar to the fist us, lofe altogether the difpofition for the 
new life. In fuch cafes there is a total fufpenfion of the 
addons of life, the child remains to all appearance dead, 
and would die, if air were not thrown into its lungs, and 
the firft principle of adtion by thefe means reftored. To 
put this in a ftill clearer light, I will give the refult of* 
fome experiments which I made, in the year 175 5, upon 
adojj. 

A pair* of double bellows were provided, conftrudted 
in fuch a manner as by one adtion to throw frefh air into 
the lungs, and by another to fuck out again the air which 
• 7 had 
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had been thrown in by the former, without mixing them 
together. The muzzle of thefe bellows was fixed into 
the trachea of a dog, and by working them he was kept 
perfectly alive. While this artificial breathing m as 
going on, I took off the Jtcrnum of the dog, and ex— 
Doled the lungs and heart; the heart continued to act 
as before, only the frequency of its action was confi- 
derably increafed. I then flopped the motion of 
the bellows, and the heart became gradually weaker, 
and lefs frequent in its contraction, till it left off mov¬ 
ing altogether: by renewing my operation, the heart 
began again to move, at firft very faintly,, and with 
longer intermiflions; but, by continuing the artificial 
breathing, the motion of the heart became again as fre¬ 
quent and as flrong as before. This procefs I repeated' 
upon the fame dog ten times, fometimes flopping for 
five, eight, or ten minutes. I obferved, that, every time 
I left off working the bellows, the heart became ex¬ 
tremely turgid with blood, and the blood in the left fide 
became as dark as that in the right; which was not the 
cafe when the bellows were working. Thefe fitua- 
tions of the animal appear to me exactly fimilar to 
drowning. 1 

The lofs of life in drowned people has been accounted’ 
for,by fuppofing that the blood, damaged by want of die 
addon of the air in refpiration, is fent, in that vitiated* 
ftate, to the brain and other vital parts; by which means* 
the nerves lofe their effedt upon the heart, and the heart 
in confequence its motion. This, however, I api fully 
convinced is falfe: firft, from the experiments on the 

dog, 
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tsdzitfe cafe a large column of bad blood, viz. all 
. t&far w as contained in the heart and pulmonary veins, was 
pnfhed forward, without any ill effect being produced; 
and next, from the recovery of drowned perfons and 
ftill-born children, which, under thofe circumftances, 
never could happen, unlefs a change of the blood could 
take place in the brain, prior to the reftoration of the 
heart’s motion: therefore, the heart’s motion mull de¬ 
pend immediately upon the application of fuch air to the 
lungs, and not upon the effects which air has upon the 
blood, and which that blood has upon the vital parts. 
Thefe are only fecondary operations in the animal ceco- 


nomy. 

It frequently happens in the cafe of drowning, that 
afliftance cannot be procured till a confiderable time after 
the accident; every moment of which delay renders reco¬ 
very more precarious, the chances of which are not only 
diminilhed in the parts where the firft powers of a&ion 
principally refide, but alfo in every other part of the body. 

In offering my fentiments on the method of treating 
people who are apparently drowned, I lhall lay before 
you, firft, what I would recommend to have done; fe- 
jcondly, what I would with might be avoided. 

■ When affiftance is called in, foon after the immerfion, 
perhaps blowing air into the lungs may be fufiicient to 
■effect a recovery^;. But if a confiderable time, fuch as 


‘{’rf fArkaps the dephlogifticated air, defcribed by Dr. priestley, may 
prove more efficacious than common air. It is eafily procured, and 'may be 
preferred in bottles or bladders. * * ? 


an 
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an hour, has been loft, it is molt probable thatthis ■will 
not be fufficient; the heart, in all likely hood, will by this 
time have loft its nice connection with the lungs. It 
will, therefore, be proper to apply ftimulating medicines, 
fuch as the vapour of volatile alkali, mixed with the air; 
which may ealilv be done, by holding fpirits of harts - 
horn in a cup under the receiver of the bellows. 1 would 
advife the air and volatile alkali to be thrown in by the 
nofe, if by both noftrils fo much the better, as we know, 
that applications of this kind to the olfaCtory nerves 
roufe the living principle, and put the mufcles of refpi- 
ration into aCtion, while fome applications to the mouth 
rather deprefs than roufe, by producing licknefs. If 
during this operation the larynx be gently prefled againft 
the cefopbagus and fpine, it will prevent the ftomach and 
inteftines being too much diftended by the air, and leave 
room for the application of more effectual Jlimuti to thofe 
parts. This preffure, however, muft be conducted with 
judgement and caution, fo that the trachea and the aper¬ 
ture into the larynx may both be left perfectly free. 
While this bufinefs is going on, an afliftant fhouftl 
prepare bed-cloaths, carefully brought to the proper 
degree of heat. I confider heat as congenial with the 
living principle; increafing the neceffity of addon It in- 
creafes action; cold, on the other hand, Icffens the ne- 
ceftfty, and of courfe the aCtion is diminilhed; fo a due 
proportion of heat, therefore, the living principle owes 
.its vigour., 
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From obfervations and experiments it appears to be 
a law of nature in animal bodies, that the degree of heat 
fiiould bear a proportion to the quantity of life; as life 
is weakened, this proportion requires great accuracy, 
while greater powers of life allow it greater latitudes^;. 

Twas led to make thefe obfervations by attending to 
perfons who are froft-bitten; the effedt of cold, in this 
inftance, is that of leffening the living principle. The 
powers of adtion remain as perfedt as ever, and heat is 
the only thing wanting to put thefe powers into adtion; 
yet this heat muft at firft be gradually applied, and pro¬ 
portioned to the quantity of the living principle; but, as 
life increafes, you may increafe the degree of heat. If 
this, method is not obferved, and too great a degree of 
heat is at firft applied, the perfon or part lofes entirely 
the living principle, and mortification enfues. This pro- 
cefs invariably takes place with regard to men. The 
&m,e thing, I am convinced, happens to other animals. 
If an eel, for inftance, is expofed to a degree of cold, 
fufficiently intenfe to benumb him till the remainder of 
lifp in him is fcarcely perceptible, keep him ftill in a cold 
of about 40% and tins finall quantity of life will remain 
for a confiderable time without diminution or increafe; 
but, if be is put intp about 6o°, the animal wiil f at; |xrft 
Ihew ftrong figns of returning life, but will die in a few 
minute^ Nor is this circumftance peculiar to the 


thefe piack>I*s that csM air is found of & much fervice to 
people nsfio afejpvgcfy jedpcefl fcy-cjrfeafe, as the confluent fmafl-poj, foyers, &c. 
vix. diipinifliing heat in propoition ttv^he diminution yf life. . ^ 

diminution 
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diminution of life by cold. The fame phenomena take 
place in animals who have been very much reduced by 
hunger, 

1 If a lizard, or fnake, when it goes to its autumnal 
hiding place, is not fufficiently fat, the living powers 
become, before the feafon permits it to come out, very 
confiderably weakened, and perhaps fo much as not to 
be again reftored. If thofe animals, in fuck a ftatc, are 
expofed to the Sun’s rays, or placed in any fituation which, 
'by its warmth, would give vigour to thofe of the fame 
T&nd, which are poffeffed of a larger fhare of life, they 
\yilf immediately fhew figns of increafed life, but quickly 
fink under the experiment and die; while others, re¬ 
duced to the fame degree of weaknefs, as far as appear¬ 
ances can difeover, will live for many weeks, if kept in a 
degree of cold proportioned to the quantity of life they 
poffefs. 

I obferved many years ago, in fome of the colder parts 
of this ifland, that, when intenfe cold had forced black¬ 
birds or thrufhes to take flielter in out-houfes, any of 
thofe that had been caught, and from an ill-judged com¬ 
panion expofed to a confiderable degree of warmth, died 
very foon. The reafon of this I did not then conceit; 
but I am now fatisfied, that it Was owing, as in tWotHer 
inftances, to the degree of heat being ihcreafed too fud- 
denly for the proportioii of life'remainirig in the animal. 

. From thefe fa&s it appears, that warmth caufes a 
greater exertion of the living powers than cold; and that 
an animal, in a weakly ftate,may be obliged by StWtefr: 

K k k a a quantity 
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z quantity of the a&ion of life fufficient to deftroy the 
verv powers themfelves. m The fame effeds probably 
take place even in perfect health. It appears, from ex¬ 
periments made in a hot room, which were read to this 
Society, that a perfon in health, expofedto a great degree 
of heat, found the actions of life accelerated lb much as 
to produce faintnefs and debility. 

If bed-deaths are put over the perfon fo as fcarce 
to touch him, fleam of volatile alkali, or of warm bal- 
fams and effential oils, may he thrown in, fo as to 
come in contact with many parts of his body. It will 
certainly prove advantageous if the fame fleams can be 
conveyed into the itomach, as that feat of univerfal fym- 
pathy will by thefe means be roufecl This may be done 
by a hollow bougie and a fyringe; but this operation 
fliould be performed with all poffible nimblenefs, be- 
caufe the inflrument, by continuing in the mouth, may 
produce ficknefs, an effect I fhould chufe to avoid. Some 
qf the ftimulating fubftances, which are of a warm na¬ 
ture, and have an immediate effed, may be thrown into 
the ftomach in a fluid date; viz. fpirits of hartfhorn, 
peppermint water, juice of horfe-raddifh; as many others 
alfo, which produce a more laftmgjimuhis, as balfams 
and turpentines, fuch as are found to quicken the pulfe of 
a man in health; but the quantity mull be fmall, as they 
have a tendency to produce ficknefs. The fame fleam 
and fubftances fhould alfo be thrown up by the anus. 

(t) It is this principle that parts mortify in confequence of inflam- • 
jnation. J ‘' 

The 
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The proGefs recommended under the firft head o£ treat-* 
ment fhould ftill be continued; while that recommended, 
under the lecond is put in practice) as the laft is only an. 
auxiliary to the firft. The firft, in many cafes, may luc- 
ceed alone; but the fecond without the firft muft, I think, 
always fail in cafes where the powers of life are confi- 
derably weakened. Motion poftibly may be of fervice,. 
it may at leaft be tried; but, as it has lefs effedt than any 
other of the ufualiy prefcribed ./?/>»«//, it ihould be the' 
laft part of the procefsf/;. I would recommend the fame- 
care to-the operator in.regulating the proportion of every 
one of thefe means as I did before in the application of 
heat; poffibly every one of them may have the fame pro¬ 
perty of deftroying intirely the feeble adtion which they, 
have excited, if adminiftered in too great a quantity r 
inftead, therefore, of increafmg and haftening the ope¬ 
rations on the firft figns of returning life being obferved, 
as ufualiy done, I fhould wifli them to be leftened, that 
their incrcafe afterwards may be graduated, as nearly as 
pofiible, by the quantity of powers as they arile. If 
the heart begins to move, I would leflen my application 
of air to the lungs, and with great attention obferve 
when the mufcles of refpiration began to adt, that, when" 
they do, I might leave a great deal to them. I would by * 

0 How far electricity may be of fervice, I know not; but it may, however, 
be tiied, when every other method has failed. I have not mentioned injefting 
stimulating fubftances dire&ly into the veins, though it might be fuppofed a 
proper expedient; becaufe, in looking over vp. y expniments on that fnbj4&, I 
found none where animal life received incrcafe. ,i »t , 

all 
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-all means forbid bleeding, which, I think, weakens the 
animal principle, and leffens life itfelf, confequently 
leffens both the powers and difpofitions to a<£lion. I 
would avoid introducing any thing into the ftomach, 
which ordinarily produces naufea or vomiting, as that 
alfo will have a iimilar effe£t. I would avoid likewife 
throwing any thing in by the anus, which might tend to 
an evacuation that way, as every fuch evacuation alfo 
tends to leflen the animal powers; of courfe, I have 
avoided {peaking of the fumes of tobacco, which always 
produce ficknefs or purging, according as they are ap¬ 
plied. 

t Whoever is appointed by the fociety for the purpofes 
of recovering drowned people, fhould have an afliftant, 
well acquainted with the methods intended to be made 
«fe off; that, while the one is going on with the firft and 
moft Ample methods, the other may be preparing other 
means, fo that no time may be loft between the opera - 1 
tions; and the mofe fo,' as the firft will, in all cafes, aifift 
the fecond, and both together may often be attended'wr^lr 
fuccefs, though each feparately might have failed.' 

A proper apparatus alfo is as effentially neceffary to 
the inftitution, a defcription of which I here annex. 
Firft, a pair of bellows, fo contrived with two feparate 
cavities, that by opening them, when applied to the 
noftrils or mouth of a patient, one cavity will he filled 
with the common air, and the other with air fucked out 
from the lungs, and by {hutting them again, the com¬ 
mon air will be thrown into the lungs, and that lucked 

7 out 
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out of the lungs dicharged into the room. The pipe 
of thefe fhould be flexible, in length a foot or a foot and 
a half, and at leaf: three-eighths of an inch in width; by 
this the artificial breathing may be continued, while the 
other operations, the application of the ftiwuli to the 
ftomach excepted, are going on, which could not con¬ 
veniently be done, if the muzzle of the bellows were in¬ 
troduced into the nofe. The end next the nofe fhould 
be double, and applied to both noftrils. Secondly, a 
fyringe, with a hollow bougie ,, or flexible catheter , of fuf- 
ficient length to go into the ftomach, and convey any 
ftiraulating matter into it, without affe&ing the lungs. 
Thirdly, a pair of fmall bellows, fuch as are commonly 
ufed in throwing fumes of tobacco up the anut\ 

I fhall conclude this paper by propofing, that all, wW 
are employed in this pra&ice, be particularly required to 
keep accurate journals of the means ufed, and the de¬ 
grees of fuccefs attending them; whence we may be fur- 
nifbed with fa&s fuflicient to enable us to draw coijclu- 
iions, on which a certain pra&ice may hereafter be efta* 
bliftied* 
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JCXV. An extraordinary Cure of wounded Intejlines . By 
Charles Nourfe, Surgeon, at Oxford. 


’TO GEORGE SCOTT, ESQ^ F. R. S. 


SIR, 


Oxford, 
Dec. 20, 1775* 


R. Mar. 29 , X jsj compliance with your requeft, and in dif- 
i 77 6 * _|_ 0 f p rom if e 1 made to you, when 

I had laft the pleaiure of feeing you in Oxford, I tranfmit 
to you, the cafe of james langford, the unfortunate lad 
after whole welfare you were pleafed, out of your great 
humanity, often to enquire. •> If any hints may be 
'drawn from this narrative, that may prove ufeful 
‘ to the young practitioner, it will not fail to give me 
* r^uch pleafure; if not, I ihall always think that time has 
' wseh well beftowed which has been employed in exe- 
' cutmg your command. Should the account I have given 
' or' this' Angular cafe prove worthy the notice of your 
‘ learned Society, I Ihall elteem it as my greateft honour. 

I am, &c. 


THE 
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the case of JAMES LANGFORD^. 

m the evening of the 26th of September, 1775,1 
was called, in great hafte, to james langForu, a young- 
mail in the twenty-firSt year of his age, who had been 
malicioufly Stabbed, with a knife5 in the left fide of his 
belly. The wound was between two and three inches in 
length, running from the left os ilium obliquely upwards 
towards the navel. I found him lying on the floor, wel¬ 
tering in his blood, with a large portion of his inteftines 
forced through the wound; and I learnt, from the un¬ 
happy youth himfelf, that, as foon as the wound was 
inflicted, the bowels began to appear; and, by the time 
I got to him, which could not exceed ten minutes, I 
verily believe, that the full half of the -inteftinal tube 
was protruded through the opening. This I attributed, 
in fome meafure, to the fulnefs of the Stomach; for, im¬ 
mediately before the accident happened, he had eaten a 
very hearty fupper. The wound at firft bled freely; but 
the haemorrhage was foon restrained by tbe prefiure 
of theproiapfed inteftines, which were, to a great degree, 
diftended with air; and from this circumstance 1 was 
flattered with the beft hopes that they had efcaped the 
alTaffin’s knife; but, to my great difappomtment, it proved 
otherwife, as will appear moft evidently from the fe- 
quel of this narrative. Examining his pulfe, I found it 

(a) He is a journeyman, book-binder, and lives with Mr. ALEXANDER 
THo'Mfsotr, in Oxford. 
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was exceedingly low, quick, and interrupted; his fkinwas 
all over cold and clammy, and he laboured under great 
languor, anxiety, and pain about th epracordia. He like- 
wife complained of a difagreeable tingling and numbnefs- 
of the whole thigh, leg, and foot, of the fide wounded; 
and acquainted me, that he dropped on the floor in con- 
fequence of the inability of the limb to fupport him, and 
not from any faintnefs, as might have been reafonably 
expected from the lofs of blood, or through fear, to 
which, indeed, he feemed an utter ftranger. I ordered 
Kim to be conveyed to his bed in an horizontal pofture, 
left the railing of the body might encourage a farther 
defeent of the parts which ftill remained in the abdomen ; 
and a fomentation of port wine with warm water to be got 
ready immediately, out of which a double flannel fhould 
he wrung, and applied directly to the prolapfed in- 
teftines, and renewed occafionally, to prevent them from, 
getting-too dry, as well as to preferve, as much as pofli- 
Uleyi their natural heat. The reduction of the dif- 
'^Saeed bowels was begun with laying the patient’s legs 
-over an affiftant’s ftioulders, w r ho was defired to kneel 
upon the bed for that purpofe, with his back towards 
him, and then the legs were brought forward as far as to 
the hams. By this means the lower parts of the body 
wete elevated, and, in confequence, the weight of the 
bowels falling back towards the cheft, counter¬ 
acted theft farther protrufion. While the patient conti¬ 
nued in this poiition, I endeavoured, with my hands, to 
force the guts hack into their proper place; but foon 
4 found. 
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fo-jncl, from the quantity of them protruded, together 
v Ith their great inflation, that a larger or more extended 
predure than my own hands could afford me was ne- 
cellary 5 and net thinking it prudent to employ any 
of the by-llandcrs in fo hazardous a talk, left by 
their inexperience they might handle the bowels 
too roughly, I fent for two of my fellow-labourers in 
the care of the Radcliffe Infirmary, to my affiltance. 
As foon as they came, the redu6tion was again at¬ 
tempted 5 one of us directing that portion of the bowel 
which was laft protruded, while the two others 
made a gentle, regular, and circumfcribed preffure 
from all fides towards the opening. But this endeavour 
not fucceeding, convinced us, that it would be much 
fafer to enlarge the wound, to facilitate the return of the 
prolapfed parts, than hazard the neceffity of handling 
them too much, or expofing them too long to the ex¬ 
ternal air, either of which would, in all probability, 
have proved fatal. This being clone accordingly, by 
continuing the wound in the fame direction upwards 
about two inches, the expofed 'bowels were eafily and 
foon returned into the abdomen > We then brought the 
edges of the wound together, and kept them by the 
future called gajlroraphia , leaving a proper opening hr 
the moft depending' part of it for' the difeharge .of the 
blood or matter which" nxigHt be collected in the cavity; 
and afterwards it was dreffed in the ufual way, lightly 
and almo;ft fuperficially, with an anodynepoultice over all* 

Lila • ,f&ut 
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The regimen enjoined him, with refpeft to diet, was 
only gruel, panado, and fage-tea, with barley water or 
thin gruel to drink; and the medicines were the fol¬ 
lowing : 

$ Manna, 

01 . Amygd. D. ana 
Aq. Alexit. Simp. Jj. 

— Nucis Mofcbat. ^j. m.f. baujius quatft 
primum fumendus et quartd qudque bora repetendus donee 
ohms refponderit. 

VjLDecoB. Pectoral.- Jviijh 

01 . Lini. gij. 1 

PinSl. thebaic, guttas xl. /. enema qrnvjs 
tempore infundendum ft dolor abdominis urgeat. h 

27th, Viiiting him early the next morning, I found 
the night had been fpent in great reftleflhefs and inqui¬ 
etude, notwifhftanding the clyfter had been thrown up 
according to the direction. He was exceedingly low; his 
fcir> felt Hill cold and clammy; his pulfe weak and 
fluttering;- he complained of frequent chills, and an op- 
preffive tightoefs of his belly, though the wound had 
diicharged confiderably a thin,- ferous humour, which 
had wetted the bandage quite through. Nor was 4he 
teniion of the abdomen- > at this time, fuffident to ac- 
. taipnt for this oppreflive pain he complained of; from 
* I , concluded it to he fpafmodic# The 
dre^g| J j^ere ^removed; and 1 delired my ap¬ 
prentice, *to fomhht tliepktt withal infufion of: the 

‘ KUj - * - emollient 
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emollient flowers for a full hour, and to take particular 
care that the ftupes were applied of a very moderate 
warmth; often having obferved, that this manner of 
applying them, when an inflammation was either to he 
refolved or prevented, was more effectual than when the 
heat has been greater. This obfervation, upon a little 
reflexion, will be found agreeable to reafon; for as great 
heat proves an aftringent, on the contrary, a moderate 
and kindly warmth relaxes, and, by promoting a free 
perfpiration of the parts to which it is applied, fooner 
effects the end propofed. The wound was drefled as 
before, with the addition of two ounces of the fpecies 
pro cataplafmate de cymino to the poultice; and as the 
draughts he had taken had not produced any motion of 
the bowels, it was thought proper to injedl the under¬ 
written elyfter, as foon as it could be prepared: 

Decodl. pro CJjfi. gviij. 

01 . Lini. Jij.- 

EleB. 'Lenitiv. 

Mel. Soluiw. am f. enema . 

This in about half an hour- occafioned a very copious diT- 
charge of faeces^ together with a good deal of blood; 
,fbme of it congealed into lumps, the reft fluid. This 
circumftance did not fail to alarm my apprehension of 


the imminent danger of the lad’s fituation, as it was no 
Jpnger to be doubted, but that the bowels were Wounded 
in ~$8ne part of them; hut what part ftill reridamed' a 
matter of, conjecture. When the elyfter had ddhd ope¬ 
rating, he took this draught 4 - - 1 *) >, 1 1 

Sperm. 
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p* Sperm. Ceti (Mucllag. Gum. Arab. Sola.) 9j. 

Aq. Alexii. Simp, Jj ff. 

01 . Amygd. D. 

Svr. de Meconio , ana 

Tmcl. Stbebaic. gut las x. M. f. haufi. 

Late this evening the fomentation and dreflings were 
a<rdn renewed, and directions given, that he fhould take 
one of the draughts, with manna, oil, 8cc. as firft pre¬ 
ferred, at three o’clock in the morning; and to repeat 
them regularly every fourth hour, till they had had their 
defired effetft. 

28 th, He had got but little deep in the night, though 
he had lain fomething quieter, with Ihort, but inter¬ 
rupted {lumbers intervening. His pulie, and all the other 
fymptoms, were much in the fame ftate as yefterday, ex¬ 
cept a general forenefs of the abdomen ; of which, at this 
tim e, he made great complaint, and more particularly 
about the wounded part. The whole belly was full and 
tenfe; and, when I ftruck it with my finger, it returned 
an emphyfematofe found. The difeharge from the wound 
was increafed; it had ftained the bandage of a deep red- 
difli-brown colour, and was of a difagreeable fmell. The 
draughts he had taken had not yet moved him; there¬ 
fore, I defired they might be continued, according to the 
general direction; and that, in cafe any ftools fhould 
come off, to put them by, feparately, for my infpe&ion. 
By the tipae I made my evening vifit, he had had two 
motions; in the firft, there was a good deal of fluid blood; 
with the laft, but little, no more than juft to giveit a tinge. 

He 
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He was evidently relieved by the evacuation; was calmer 
and more compofed; his pulfe was rather more up, and 
his fkin warmer. He faid, he found himfelf lithefomer; 
that he was not fo tight, and thought he breathed with 
more freedom. When I came to loofen the bandage, 
I was greatly furprizcd to find it daubed all over v. ith the 
difcharge; but, as fcon as the drefling was removed, 
there was no evidence wanting to allure me, that this 
difcharge was in part jto7, not only from the colour and 
fmell of it, but likewife from the fharp pain it had occa- 
fioned in palling through the wound. My hopes of his 
recovery now began to fail me; however, I relblvcd to 
perfevere, and aft as though I was lure of fuccefs. Alter 
drefling, he was ordered to take the anodyne draught,, 
and to begin again the manna draughts with oil early ill 
the morning. 

29th, Before I came to vilit him, he had had another 
motion; and the nurfe informed me, that his night had 
been better than any of the preceding ones, he having 
flept, at different times, full three hours. His pulfe was 
ftronger, but remitting, and his Hein inclining to perfpire. 
The tongue was foul, and the water clear and pretty high- 
coloured. In the ftool, which had come off this morn¬ 
ing, I did not'ifind any blood, or in any lie had after¬ 
wards during the time of his confinement. The wound 
had difeharged a great deal, and was more inflamed; 
and the edges of it looked thick and ill-natured, and 
were ready to leparate from each other. The tenfion of 
the belly ftill kept up,', though I did not perceive, that it 
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had at all increafed. The opening draughts were con¬ 
tinued, once in fix hours only, through the courfe of this 
day, which kept him fufficiently open; and the anodyne 
was repeated at ten o’clock this night. 

30th, This morning things wore hut a melancholy 
afpe£t. His night had been reftlefs, and his head con¬ 
futed, and he talked fometimes incoherently; his pulfe 
was increafed, though exceedingly irregular, and the 
■fldn felt hot and dry; he was thirfty, and complained of 
,a great tightnefs, particularly about the region of the 
ftomach; his countenance was hollow, the eyes being 
funk , with a deadnefs in them not eafily to be exprefled. 
The wound had difcharged very much, and it was ex¬ 
tremely offenfive. The edges of it were inverted, much 
fwqllen, and feparated from each other confiderably 
more than the preceding day. He likewife complained 
,of a {harp, burning pain, deep in the wound, but could 
not exprefs precifely where. As foon as the wound was 
drafted, the anodyne clyfter was adminiftered; and I de- 
iired, he might have a fmall bafon of the infufion of 
•mint, with a knob of fine fiigar, got ready for him as 
foon as poffible, and that he would fip it down as warm 
as he could. At two o’clock this afternoon he was 
feized fuddenly with a moft violent vomiting, and brought 
up a large quantity of bile. This I the more wondered 
at, as he had never made the leaft complaint of ficknefs, 
or naufea , from the time of his accident; for every thing 
he had taken had fat eafy and well upon his ftomach. 
What he had brought up was of fo dark a colour, that I 

imagined 
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imagined it was mixed with blood; bat, t 
examination of it, found I was miftahet 


ipon a care f* 

U \ / liCU 



vomiting was over, the nurfe gave him a little more Oj 
the mint infufton; and, foon after, he fell into a found 


fleep, which continued more than an hour. In the 
evening he was hot and uneafy, complaining of thirft, 
and a pain in his head; his pulfe was increafed, and his 
fl cin felt dry. The wound had made a prodigious dis¬ 


charge, which I obferved always to increafe, in propor¬ 
tion, as the bowels were more or lefs loofened by the 
medicines he w T as taking; and, from the violent efforts 
of the abdominal mufcles in the time of his vomiting, 


rnoft of the flitches in the wound were broken, fo that 


you might plainly fee into the cavity of the abdomen . 
After dreffing the wound, twelve ounces of blood were 
taken from the arm, and the anodyne draught was given 


to him foon after. 

Oft. ift, I learnt, from the people about him, that 
for a few hours, after he had taken the opiale , he lay 
compofed; but, foon after mid-night, he awaked in great 
hurry and confufion, complaining of his ftomach and 
bowels, accompanied with convulfive Switchings of the 
tendons; and that, about five o’clock this morning, he 
brought up another large quantity of bile, which gave 
him great relief; for afterwards he lay perfectly eafy, 
and got between two and three hours fleep. At nine 
o’clock, when I made my morning vifit, I found him 
much refrefhed, and without any kind of complaint. 
His pulfe was full, but much Headier than it had been 
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any time before, and his ikin was open. The water he 
had made was turbid, though ftill high-coloured. The 
wound, indeed, made but an indifferent appearance; the 
edges of it were very doughy, particularly the tendons 
of the oblique mufcle, and fo far receded from each other 
as to make it neceffary to divide the remaining ditches. 
The lower part of the wound, or that next to the ilium, 
was beginning to digeft, and the inflammation and ten¬ 
don of the belly to abate. The opening draughts, made 
a little warmer, were continued, which kept the bowels 
conftantly and gently open. In the evening his pulfe 
was rather increafed; and I found that, fome time in the 
afternoon, he had brought up a little more bile, though 
without any previous complaining. After drefling, I 
direfted more blood to be drawn, and the opiate to be 
repeated. 

ad, The nurfe acquainted me this morning, that 
her patient had had a very quiet night, and had flept 
many hours without intermiflion; that he had taken a 
fufficient quantity of nourifhment, and that it had fat 
well on his ftomach. I found him chearful, without any 
complaint, except that of hunger. His pulfe was fteady, 
his ikin foft and open, his tongue getting cleaner, and 
his water beginning to break. The difeharge, this morn¬ 
ing, from the fore was exceedingly offenfive; and when 
I had taken off the drefling, I was really, aftonifhed at 
the horrid appearance! The wound was burft open, 
in fuch a maimer as to affume a circular form, and was 
rather more than three inches in the leaft diameter of 

it. 
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it. In the bafe of this dreadful opening, there v:as 
nothing to be feen but the ck cum volutions of the 
fmall guts; and how this ama 7 ing breach was to be re- 
ftored, I could not eaflly conceive. Had any one taken 
a view of the wound at this time, who was unac¬ 
quainted with the real progrefs of it, he muft naturally 
have concluded, there had been a great lofs of fubftance. 
The patient was drefled with thin pledgets of very fine 
unformed lint, moiftened with the oil of the flowers of 
the hypericum luke-warm, laid firft upon the expofal 
bowels; afterwards the cavity was filed up lightly with 
the fame fort of lint dry; the edges were covered with a 
moderately warm digeftive, and the whole fecured with 
the uniting bandage; which bandage had been ufed 
from the very beginning, to prevent, as much as art 
could prevent, the impending mifehief. 

3d, Appearances this morning were very favourable; 
he had flept well moil part of the night; his pulle was 
perfectly quiet, and his ikin moderately open. The water 
was become better coloured, and had made a fair repara¬ 
tion; fothat, from this time, all figns of fever, inflam¬ 
mation, and pain its concomitant, intirely ccafed: nor 
did there even arife any alarming, or even difagrecable 
fymptom afterwards; but every thing went on in an 
eafy, regular way. The wound digefted kindly, and was 
tonftantly drefied twice a day, as the quantity, and indeed 
the quality, of the difeharge from it required. The 
opening medicines were repeated occafonally, imd his 
nights fecured by a few drops of the Theban tindtlire. 

M m m 2 In 
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In<a few days, the (loughs from the edges of the ab¬ 
dominal mufcles feparated, and left the fore fo largely 
cnen, that I could eafily diicover from whence the frees 
made their exit, which was from the middle ot that part 
of the colon that lies between the left kidney, to which it 
is attached, and the upper part of the facrum, where it 
empties itfelf into, and forms the reel am. 

It was exceedingly fatisfadtory and pleating to obferve, 
from day to day, the progrefs Nature made in renovating 
this formidable breach, and her mean of accompiifliing 
it; for, after a little time, the furface of the inteftines 
looked florid, and began to pullulate, throwing up fmall 
grains of flefli from every point. Thefe granules , daily 
increafing, united with each other, 'and after filling up 
the intervals between the circumvolutions of the bowels, 
became one uniform furface; which furface meeting 
with that of the raw edges of the integuments, they both 
adhered together, and became one continued fore. As 
the wound incarned, the freal difeharge leffened daily, 
and about the twenty-fecond or twenty-third day intirely 
ceafed. I now allowed him chicken broth, milk porridge, 
calves-feet jelly, See. The wound was drefled once a day 
with dry lint only, and in feven weeks it was completely 
healed. 


XXIII. Extra# 
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XXIII. Extras} of a Letter from Mr. -Alexander Small, 
Surgeon to the tram of Artillery at Minorca, to Sir 
John Pringle, Barf. P. R. S. Dated St. Philip’s, Aug. 

8 , 1775 - 


R. Apr 15, T BEG leave to give you this trouble, and to 
I776 * JL add feme conjectures, which may be a kind 
of addition to Dr. clegkcrx’s Account of this Tfland. 
I live near the Glacis, and the artillery men are conJhuitly 
lodged in the fquare within the caltle. A little beyond 
the fquare is our hofpital. My attendance at thele two 
places gives me no more than a falutary exercife. The 
artificers in the civil branch of the ordnance, who arc 
under my care, live near me in the remains of the town 
of St. Philip. I call them remains, becauie many of the 
hoiiies were deftroyed during the late liege, and many 
fince; it being determined, that the* town ihall be re¬ 
moved to a greater difiance from the cafile. A new ipot 
is accordingly marked out near Engliih Cove, on the fide 
of the harbour; and barracks for two regiments, together 
with fome houles, are already built. The new as well 
the old town are built in a very dry fituation, on a folid 
rock, on which there is not a drop of ftagnating water, 
nor is there any near the furface of the earth; for the 
water the inhabitants have for ufe, is either rain-water 
2 kept 
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kept in citterns, or water drawn out of wells, from twenty 
to iixty or more feet in depth; nor are there any marfhes 
near either town, or indeed in this part of the ifland. 

The caftle of St. Philip hands, or rather is cut out of 
the folid rock, on a promontory, two-thirds of which 
are wafhed by the fea, and is open to the fea winds 
from two-thirds of the compafs. As there is no tide 
there is no flimy fliore, which might fend forth putrid 
vapours at low-water; and if there were a tide, our fhore 
is one continued rock, on which there is not any pu- 
trefcent fubftance. Indeed the rocks are fo free from 
filth, that after a ftrong wind has raifed the fea-water, 
and carried it into cavities hollowed in the rock by ftorms, 
it drys there into pure white fait. 

During the hot weather in July, Auguft, and Septem¬ 
ber, our unhealthy feafon, the air is daily ventilated, 
either by general winds, winch pafs freely over the ifland, 
or by fea-breezes. The air over the land being rarefied 
by the refledted rays of the Sun, and by being in contadt 
with the heated earth, neceflarily makes room for the 
cooler and deafer air in contadt with the cooler fea-water. 
Whence, in fuch a fituation, fhall we feek for the caufes 
of tertianaSy fo called here, and fo much dreaded during 
the hot months? Two caules feem to offer themfelves; 
one very obvious, the other rather more remote. The 
Southerly winds are much complained of here, as occa- 
fioning a general laffitude, and as bringing with them 
noxious effluvia from Africa; but whoever confiders the 

diftance 
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diftance between this iiland and Africa, will fcarcely be¬ 
lieve, that the air can carry with it, fo far, any other qua¬ 
lity than the warmth attending the feafon of the yeat. 
Gibraltar, nearer Africa, and more Southerly than we arc, 
is net fubjedt to tey ticiiis-) nor are fome places even in this 
iiland. The caufes therefore mult be fought lor on the 
{pot. In a fituation, fucli as lhave defciibed ours to be, you 
may believe, that ihade and a plentiful Ripply of frcih 
fucculent culinary plants mutt be very delirable. On fo 
dry a rock, an artificial fupply of moifiure nault become 
neceflary, efpecially in a country where there fcldom is 
rain from May to Odtober. It is not an eafy matter to 
keep a due mean in the ufe of whatever experience iliew's 
to be necefiary. If a little does good, we me apt to con¬ 
clude, that a great deal will do more good: thus, I think, 
it fares with us in regard to the ufe of water in our gar¬ 
dens. In order to have a garden, it is neceifary here to 
have a draw-well. The drawing of -water is the labour of 
an afs; and, as the labour is not hard, the heaft is kept at 
it pretty conftantly, and thus plenty of water is drawn 
up. As the water is hard, and is much colder than the 
temperature of the air, it is kept in ci items for fome time, 
expofed to the Sun, till it acquires the temperature of the 
air, and thus becomes more friendly to vegetation than if 
ufed immediately on being drawn up. Having thus ob¬ 
tained plenty of water, they beftow it raojft copioufly on 
their gardens. Suppofe yourfelf landed at St. Philip’s in 
this feafon of the year, on a dry, parched rock, and that 
you were told, that the rock was uni fonnly thefame all the 

1 wav 
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way to Mahcn, a difiance of r.vo miles, and tbit yon 
were under a necefiity of going to Mahcn in the 
evening; would you expect to be ferenaded on th_s rock 
with the croaking of frogs all the way you went ? This 
literally is the cafe. The gardens on each fide the road 
are fo much Watered, that the frogs, bred in the cifterns 
which contain the water, Ipread and enjoy fhemfelves 
around, and frequently take up their abode in trees. 
This Ihews that even the trees abound much in watery 
juices, feeing the exhalations arifing from them yield 
an atmofphcre agreeable to the frogs. Where land is 
thus abundantly watered and clofely planted with fuc- 
oulent vegetables, many parts of thefe vegetables, as well 
as the infects which feed on them, will be liable to pu- 
trify; and a putrid vapour may be thence exhaled in the 
evening efpecially, and during the night, when there 
feldom is wind to carry them off. Wherever the inha¬ 
bitants can find a proper depth of mould, within a con¬ 
venient diitance of a market, fo many fources of putrid 
exhalations are formed. 

Let me give an inftance, to fliew that this opinion is 
not merely ideal. On the North-fide of St. Philip’s there 
is a road, bounded on the North by a wall, called the 
Line-wall: Dr. huck muft remember it and the envi¬ 
rons. Along and near that wall there are many gardens, 
which thus fend forth unhealthy vapours; and the efieef 
is, tha$ the houfes on the South¬ 
facing the* North, and fhereby 
healthier, are called Rotten-rc 


fide of that road, though 
, one would think,' me 
>w, their unhealtiufiefs 
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being owing, as is believed, to the vapours anting front 
thefe gardens; for houfes fituated on the South-fide of 
the town, though at a little diftance, are by much the 
more healthy, though more expofed to the heat of the 
meridian Sun. Other inftances might be quoted; and 
experience has taught us, that it is found to be very pre¬ 
judicial to health to remain expofed to the evening dews 
near Mahon or Sf. Philips, round which thefe gardens 
chiefly abound, while country peafants lie in their vine¬ 
yards whole nights without being hurt, the vines being 
left to nature for a fupply of moifture. 

Perhaps it may feem, that, while the-heat and drought 
of the climate makes this method of gardening neceflary, 
and at the fame time require a large fupply of fucculent 
vegetables and fruits, thefe ill confequences muft be un¬ 
avoidable. But M..de chateau-vieux, a magiftrate of 
Geneva, has pointed out a very promifing remedy, fug- 
gefted to him by fome of his own judicious experiments 
in agriculture. 

The fecond general caufe of tertians was pointed out 
to me by Dr. munro, phylician of this ifland, an inge¬ 
nious gentleman, and very obfervant of every thing re¬ 
lating to his profelflon. 

The rocks of this ifland confift chiefly of two kinds 
of flone; one lb hard that fcarce any tool can touch it; 
and the other fo foft, that it is eafily cut into any form. 
It much refembles the Bath flone, and is called Cantoon 
flone. The firft is impervious to any fluid; but the other 
fucks up, or is penetrated by, moifture, like filtering 

You LXVI. N n n ftones. 
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ftones. ■' I found, fome years ago, this to be the cafe 
with the Bath ftone. Mr. allen covered his workmen’s 
houfes with fiat ftones brought from the quarry, and cut 
of a proper thicknefs: I mentioned to one of the inha¬ 
bitants, that their houfes being fo clofely covered were, I 
fuppofed, very warm; and was furprized at being told, 
that they were much the reverfe; for that in rainy wea¬ 
ther, the water penetrated through the ftones; and that 
in frofty weather, the infide of the roofs were covered 
with ice, whereby their upper rooms were of little ufe to 
them. Thefe different qualities of the ftones in this 
ifland are not, perhaps, fufficiently attended to. 

When houfes are built on the hard rock, all within 
the walls is levelled; and on that floor the poorer inha¬ 
bitants live. As this ftone takes a greater degree of cold 
than fubftances lefs folid, and does not fo foon come to 
the temperature of the air; it confequently cools, and 
attracts to it the moifture in the air, and retains it long on 
its furface. In order to avoid the damp cold feel, if the 
inhabitants can afford to buy a mat, they cover the floor 
with it; under which the wet remaining, induces a 
degree of putrefaction, which renders the houfes more 
unhealthy, and reduces the inhabitants to a ftate ready to 
be affefted by any diftemper, elpecially by the tertian t 
which fpreads by contagion. As the moifture remain¬ 
ing on this ftone is but temporary, provided there are 
drains to,carry the water off, its bad effects are eafily pre¬ 
vented' by keeping a fire burning, or by laying the 
ground-floor with terrace, or with deal-boards. 

2 . When 
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When houfes are built on the foft Cantdon ftone, the 
rain that falls without foaks through it; and if there are 
no means of carrying it off, it remains in the ftone, be¬ 
comes putrid, gradually exhales, and thus becomes 
highly prejudicial to health. I might quote feveral in- 
ftances of families dying in confequence of fuch putrid 
moifture; but fhall reft fatisfied with one, becaufe it 
became an object of general obfervation. 

At a little diftance from, and to the Northward of the 
Line-wall, a lofty building was ereCted for a houfe of 
entertainment. The people who inhabited it became 
very unhealty; and in a few years fo much fo, that two 
or .three whole families died in it. This houfe, I am told, 
is built on Gantoon ftone, the hollows filled with Can- 
toon rubbifh, and is furrounded by gardens continually 
watered, fome of which are higher than the floor of this 
building; by which means the ftone became the receptacle 
of the wafte water. In order to remedy this inconveniency, 
the floor was taken up, and a ftench arofe which the 
workmen could fcarcely bear, and changed the colour of 
every metallic fubftance about them. People were im- 
prefled with fo ftrong a prejudice againft the houfe, that 
it remains uninhabited and an ufelefs building. The 
fame has happened in other dwelling-houfes; in which 
the fame ftench, and other indications of putrefaction, 
were met with, aa in the farmer cafe. 

Lcamyet, thank God, fay very little of the difeafe of 
this country, &r we ftill continue very healthy. I have 
met with two inftances of how faft a hold tertians take 

;} „ N n n 2 of 
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of the conftitution, when the patients have been fubjedt 
to frequent relapfes. Dr. munro tells me, that an addi¬ 
tion of Myrrb ^ij. to Cork. Peru. gj. is the beft medicine 
hefcnows in this cafe. Ihave tried, it in both,- with feem r 
we can fey nothing certain, on that head 
till the winter. One of them was much afflicted with 
pains in the lower-part of the belly, even after thefever 
had left him. I gave him Calomel, gr. vi. Pubu. Rhel 
gr, xv. in- a bolns,. and repeate.d' it, at proper lhtervals, 
fpju? times., He thinkshiaprefent health is much owing 
^^hositny other patient from the fame medu>ihe. 
hhav&fhand ^<&wipecuHarly beneficial tofeyefalchil^ 
Ojjfflk who -.haijpgiothcat heats-cm 
night. 
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XXVI. Of the flies in the South Seas. By Captain 
James Cook, F. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 

April 1776. 

S I Rj, Mile-End, 

R.. jpr. 1% Ttf compliance with your nequeft, I fend you 
17761 JL m y obfemtions on the tides in Endeavour 
River, on, the Eaft Coaft of New Holland, in latitude 
15 0 26’ S. 

About 11 o’clock in the evening of the x oth of June 
1770, as we were Handing off fhore, the ihip fuddenly 
ftruck, and ftuck faff on a reef of coral rocks, about fix 
leagues from the land. At this time I judged it was 
about high water, and that the tides were taking off, or 
decreafing, as it was three days paft the full Moon; two 
circumftances by no means in our favour. As our efforts 
to heave her off, before the tide fell, proved ineffectual, 
we began to lighten her, by throwing over-board our 
guns, ballaft; &x. in hopes of floating her the next high- 
water; but, to our great furprize, the tide did not rife 
high enough to accomplifh this by near two feet. We 
had now no hopes but from the tide at midnight; and theie 
only founded on a notion, very general indeed among 
v * feamen, 
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feamen, but not confirmed by any thing which had yet 
fallen under my obfervation, that the night-tide rifes 
higher than the day-tide. We prepared, however, 
fqr the event, which exceeded our moft fanguine ex¬ 
pectations; for, about 20 minutes after 10 o’clock 
in the evening, which was a full hour before high- 
water, the fhip floated. At this time the heads of rocks, 
which on the preceding tide were, at leaft, a foot above 
water, were wholly covered. I was fully fatisfied with 
the truth of the remark, after getting into the river, 
where we remained from the 17th of June till the 
4th of Auguft, repairing the damage the fhip had re¬ 
ceived. As this was to be done with the affiftance of the 
tides, it led me to make the following obfervations, which 
upon any other lefs important occafion might have 
efcaped my notice. 

The times of high-water on the full and change days 
I found to be about a quarter after nine; the evening- 
tide, at the height of the fpring, to rife nine feet perpen¬ 
dicular, the morning-tide fcarce feven; and the low- 
water preceding the higheft or evening-tide, to fall or 
recede conliderably low'er than the one preceding the 
morning-tide. This difference in the rife and fall of the 
tide was uniformly the fame on each of the three fprings 
which happened while we lay in the place, and was ap¬ 
parent for about fix or feven days; that is, for about 
three days before and after the full or change of the 
Moon. During the neep, the tide was Very inconfi- 
derable, and if there was any difference between the rife 

of 
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of the tide in the day and in the night, it was not ob- 
ferved; but to the beft of my recollection none was per¬ 
ceptible. Excepting two or three mornings, when we 
had a land-breeze for a few hours, we had the winds from 
no other direction than S.E., which is the fame as this 
part of the coaft, and from which quarter I judged the 
flood-tide came. The wind, for the moft part, blew a 
b ride gale, and rather ftronger during the day than the 
night. How far this laft circumftance might affeCt the 
evening-tide, I ihall not pretend to determine; nor can I 
aflxgn any other caufe for this difference in the rife and 
fall of the tide, and therefore muff leave it to thofe who 
are better verfed in this fubjeCfc than, 

sir, your, &c. 
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sxvn. dti Experimental Examination of the Quantity 
and Proportion of Mechanic Power neceffary to he em¬ 
ployed in giving different Degrees of Velocity to Heavy 
Bodies from a State of Reff By Mr. John Smeaton, 
F. R . S. 


R. April as, j\ BOUT the year 1686 Sir Isaac new- 
I?76 * JTX ton firft publilhed his Principia , and, 
conformably to the language of mathematicians of thofe 
times defined, that “ the quantity of motion is the 
« meafure of the fame, arifing from the velocity and 
« quantity of matter conjointly.” Very foon after this 
publication, the truth or propriety of this definition was 
difputed by certain philofophers, who contended, that 
the meafure of the quantity of motion fhould be efti- 
mated by taking the quantity of matter and the fquare 
of the velocity conjointly. There is nothing more 
certain, than that from equal impelling powers, acting 
for equal intervals of time, equal increafes of velocity 
are acquired by given bodies, when unrefifted by a me¬ 
dium; thus gravity caufes a body, in obeying its impulfe 
during one fecond of time, to acquire a velocity which 
would carry it uniformly forward, without any addi¬ 
tional impulfe, at the rate of 3 a ft. 2 in. per fecond; and 
if gravity is fuffered to aft upon it for two feconds, it 

3 will 
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will have, in that time, acquired a velocity that would 
carry it, at an uniform rate, juft double of the former 5 
that is, at the rate of 64 ft. 4 in. per fecond. Now, if in 
confequence of this equal increaie of velocity, in an 
equal increaie of time, by the continuance of the fame 
impeding power, we define that to be a double quantity 
of motion, which h generated in a given quantity of 
matter, by the a&ion of the fame impelling power for 
a double time; this will be co-incident with Sir Isaac 
new ton’s definition abovementioned; whereas, in trying 
experiments upon the total effedts of bodies in motion, 
it appears, that when a body is put in motion, by what¬ 
ever caufe, the impreflion it will make upon an uni- 
foimly refilling medium, or upon uniformly yielding 
fubftances, will be as the mail of matter of the moving 
body, multiplied by the fquarc of its velocity: the quef- 
tion, therefore, properly is, whether thofe terms, the 
quantity of motion , the momenta of bodies in motion, or 
forces of bodies in motion, which have generally been 
efteemed fynonymous, are with the moft propriety of 
language to be efteemed equal, double, or triple, when 
they ‘have been generated by an equable impulfe, aeftifig 
for an equal, double, or triple time; or that it fhould be 
‘meafured by the effects being equal, double, or triple, m 
pvercoming refiftances before a body in motion cab be 
ftqpped ? For, according as thofe terms are undejftood in 
tfiis or that way, it will neceftarily follow*, that the mo- 
\menta of equal bodies will be as the velocities, or asthe 
fquares of “the velocities refpedfively; it being certain, 
You L&VI. O 00 * h. t hat, 
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that, whichever we take for the proper definition of the 
term quantity of motion, by paying a proper regard to 
the collateral circum fiances that attend the application of 
it, the lame conclnfion, in point of computation, will re- 
fult. I fhould not, therefore, have thought it worth 
while to trouble the Society upon this fubjeCt, had I not 
found, that not only myfelf and other practical artifts, 
but alfo fome of the moft approved writers, had been 
liable to fall into errors, in applying thefe do&rines to 
practical mechanics, by fometimes forgetting or neg¬ 
lecting the due regard which ought to be had to thefe 
collateral circumftances. Some of thefe errors are not 
only very confiderable in themfelves, but alfo of great 
confequence to the public, as they tend greatly to miilead 
the practical artift in works that occur daily, and which 
often require very great fums of money in their exe¬ 
rtion. I lhall mention the following inftances. 
v ' ‘desaguliers, in his fecond volume of Experimental 
EMlofophy, treating upon the queftion concerning the 
forces of bodies in motion, after taking much pains to 
fhew that the difpute, which had then fubfifted fifty 
years, was a difpute about the meaning of words; and 
that the fame conclufion will he brought out, when 
things are rightly underftood, either upon the old or 
new opinion, as he diftinguifhes them; among other 
things, tells us, that the old and new. opinion may be 
eaftly ifetoh'ciled in this inftance: that the wheel of an 
nnderflidt water-mill is capable of doing quadruple work 
When the velocity of the water is doubled, ihfiead of 
4 double 
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double work only; “ becaufe (the adjutage being the 
« fame), fays he, we find, that as the water’s velocity is 
« double, there are twice the number of particles, of 
“ water that ixfue out, and therefore the ladle-board is 
« ftruck by twice the matter, which matter moving with 
<{ twice the velocity that it had in the firft cafe, the 
« whole effect mult be quadruple, though the inftan- 
« taneous ftroke of each particle is increafed only in a 
« fimple proportion of the velocity.” See vol. II. Anno¬ 
tations on lecture 6th, p. 92. 

Again, in the fame volume, lecture 12th, p. 424. re¬ 
ferring to what went before, he tells us, The know— 
« ledge of the foregoing particulars is abfolutely necefi* 
« fary for fetting an underfhot wheel to work; but the 
« advantage to be reaped from it would be ftill gueis- 
« work, and we fliould be ftill at a lofs to find out the 
« utniolf it can perform, if we had not an ingenious 
<£ propofition of that excellent mechanic M. parent, of 
£t the Royal Academy of Sciences, who has given us a 
££ maximum in this cafe, by Chewing, that an underfhot 
« wheel can do the molt work, when its velocity is equal 
« to the third part of the velocity of the water that 
££ drives it, 8cc. becaufe then two-thirds of the water is 
<£ employed in driving the wheel with a force propor- 
« tionable to the fquare of its velocity. If we mul- 
££ tiply the furface of the adjutage or opening by the 
« height of the water, we fhall have the column of wa~ 
<£ ter that moves the wheel. The wheel thus moved will 
<£ fuftain on the oppofite fide only four-ninths of that 

O 0 o 2 ** weight, 
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“ weight, which will keep it in equilibiio; but what it 
“ can move with the velocity it goes with, will be but 
“ one-third of that weight of equilibrium; that is, T 4 -ths 
u of the weight of the firft column, &c.—This is the 
“ utmoft that can be expected.*’ 

The fame conclufion is likewife adopted by maclau- 
rin, in art. 907. p. 728. of his Fluxions, where, giving 
the fluxionary deduction of M. parent’s proportion, 
he fays, “ that if a reprefents the weight which would 
« balance the force of the ftream, when its velocity is 
« a; and u reprefents the velocity of the part of the en- 
■« gine, which it ftrikes when the motion of the machine 
« is uniform, See .—the machine will have the greateft 

« effeCt when u is equal to^; that is, if the weight that 

« is railed by the engine be lefs than the weight which 
“ would balance the power, in the proportion of 4 to 9, 

“ and the momentum of the weight is 

Finding that thefe conclufions were far from the 
truth; and feeing, from many other circumftances, that 
the practical theory of making water and wind-mills was 
but very imperfectly delivered by any author I had theft 
an opportunity of confulting («); in the year 17 511 began 

a courfe 

(a) BE libor, ArchiuSwrt Hydrauli/jue, greatly prefers the application of 
water to an underfoot mill, inflead of an overfhot; and attempts to demonfhate, 
that water applied undeifoot will do fix'times more execution, than the lame 
applied overfhot, See vol I. p. 286. While desaguuers, endeavouring''to 
invalidate what had‘been advanced by belidqr, and greatly preferring an over¬ 
fliot 
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a courfe of experiments upon this fubjedt. Tliefe expe¬ 
riments, with the conclufions drawn from them, have 
already been communicated to this Society, who printed 
them in vol. li. of their Tranfadtions for the year 17 5 9 ? 
and for this communication I had the honour of receiving 
the annual medal of Sir Godfrey copley, from the 
hands of our very worthy Prefident the late Earl of 
MACCLESFIELD. Thofe experiments and conclufions 
Hand uncontroverted, fo far as I know, to this day; and 
having fince that time been concerned in directing the 
conftrudtion of a great number of mills, which were all 
executed upon the principles deduced from them, I have 
by that means had many opportunities of comparing the 
effe&s actually produced with the effects which might 
be expected from the calculation; and the agreement, 

I have always found between thefe two, appears to 
me fully to eftablifh the truth of the principles upon 

foot to an underfoot, fays, Annotat. on lefture i2. vol. II. p. 53a. that from 
his own experience, “ a well-made overlhot mill ground as much corn in the 
** fame time with ten times lefs water;” fo that betwixt belidor and desa~ 
guliers here is a difference of no lefs than 60 to I. 

Again* beu&Or, vol. II. p. 72. fays, that the center of gravity of each fail 
• of a wind-mill foould travel in its own circle with one-thiid of the vcloaityf of 
the wind ; fo that, taking the diftance of this center of gravity from the ccntca 
of motion at 20 feet, as he Gates it p. 38, art. 849. the cii conference will be 
exceeding 126 feet Englifo meafure: a wind, therefoie, to make the mill go 
'twenty turns per minute, which they frequently do with a frclh wind and all 
- their cloth fgread, would require the wind to mote above eighty miles an hour; 
a velocity perhaps hardly equalled in the ^reateil ftojras we e^-peiiencc in this _ 
climate. ^ 

which 

i . * 
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which they were conftrudted, when applied to great 
works, as well as upon a fmaller fcale in models. 

Refpecting the explanatory deduction of desagu- 
liers in the firft example abovementioned, which, in¬ 
deed, I have found to be the commonly received dodlrine 
among theoretical mechanics, it is fhewn, Phil. Tianf. 
vol. li. p. x 20, 1 21, and 123. part 1. maxim 4. that, 
where the velocity of water is double, the adjutage or 
aperture of the lluice remaining the fame, the effedt is 
eight times; that is, not as the fquare but as the cube of 
-the velocity; and the fame is inveftigated concerning the 
* power of the wind arifmg from difference of velocity, 
,p. 156. being part 3. maxim 4. 

The conclufion in the fecond example abovemeii- 
tioned, adopted both by desaguliers and maclaurin, 
is not lefs wide of the truth than the foregoing; for if 
that conclufion were true, only ^-ths of the water ex¬ 
pended could be raifed back again to the height of the 
refervoir from which it had defcended, exclufively of all 
kinds of fridtion, See. which would make the adtual 
quantity raifed back again ftill lefs; that is, lefs than 
one-feventh of the whole; whereas it appears, from table 
i..p. 115. of the faid volume, that in fome of the expe¬ 
riments there related, even upon the fmall fcale on which 
they were tried, the work done was equivalent to the 
raifmg hack again about one quarter of the water ex¬ 
pended; and in large works the efFedt is ftill greater, ap¬ 
proaching towards half, which feems to be the limit for 
the underfhot mills, as the whole would be the limit for 

the 
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the overfhot mills, if it were poiTible to fet afide all fric¬ 
tion, refiftance from the air, fee. fee p. 13°* 

The velocity alfo of the wheel, which, according to 
M. parent’s determination, adopted by des\guli*rs 
and maclaurin, ought to be no more than one-third of 
that of the water, varies at the maximum in the above- 
mentioned experiments of table 1. between one third 
and one half; but in all the cafes there related, in which 
the mo ft work is performed in proportion to the water ex¬ 
pended, and which approach the neareft to the circum- 
ftances of great works, when properly executed, the 
maximum lies much nearer to one half than one third; 
one half feemingto be the true maximum , if nothing were 
loft by the refiftance of the air, the fcattering of the water 
carried up by the wheel, and thrown off by the centri¬ 
fugal force, &c. all which tend to diminifh the effed 
more, at what would be the maximum if thefe did not 
take place, than they do when the motion is a little 
flower. 

Finding thefe matters, as well as others, to come out 
in the experiments, fo very different from the opinions 
and calculations of authors of the firft reputation, w ho, 
reafoning according to the Newtonian definition, muft 
have been led into thefe errors from a want of attending to 
the proper collateral circumftances; I thought it very mar¬ 
terial, efpecially for the pradical artift, that he fhoukl 
make ufe of a kind of reafoning in which he fhould not 
be fo liable to miftakes; in order, therefore, to make th\s 
matter perfedly clear to myfelf, and poflibly fo‘to others, 

I refolved 



45 8 Mr. smeaton on Mechanic Power. 

I refolved to try a fet of experiments from whence it 
might be inferred, what proportion or quantity of me¬ 
chanical power is expended in giving the fame body dif¬ 
ferent degrees of velocity. This fcheme was put in exe¬ 
cution in the year 1759, and the experiments were then 
fhev.'ii to feveral friends, particularly my very worthy and 
ingenious friend Mr. william russell. 

In my experimental inquiry concerning the powers, 
of water and wind before referred to, I have, p. 105. 
part 1. defined what I meant by power, as applied to 
pradtical mechanics, that is, what I now call mechanical 
power; which, in terms fynonymous to thofe there ufed, 
may be faid to be meafured by multiplying the weight 
of the body into the perpendicular height from which it 
can delcend; thus the fame weight, defcending from a 
double height, is capable of producing a double me¬ 
chanical effedt, and is therefore a double mechanical 
power. A double weight defcending from the fame 
height is alfo a double power, becaufe it likewife is capa¬ 
ble of producing a double effedt; and a given body, de¬ 
fcending through a given perpendicular height, is the 
fame power as a double body defcending through half 
that perpendicular; for, by the intervention of proper 
levers, they will counter-balance one another, conforma¬ 
bly to the known laws of mechanics, which have never 
been controverted. It muft, however, be always un- 
derllood, that the defcending body, when adting as a 
meafure of power, is fuppofed to defcend ftowly, like the 
weight of a clock or a jack; for, if quickly defcending, 

3 ^ 
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it is fenfibly compounded with another law, viz. the 
law of acceleration by gravity. 

DESCRIPTION OF THE MACHINE. 

ab is the bafe of the machine placed upon a table. 

ac is a pillar or ftandard. 

cd is an arm, upon the extremity of which is fixed a 
plate fg, which is here feen edge-ways, through which is a 
finall hole for receiving a fmall fteel pivot e, fixed in the 
top of the upright axis cb; the lower end of this axis 
finifties in a conical fteel point, which refts upon a fmall 
cup of hard fteel polilhed at b. 

hi is a cylinder of white fir, which paftes through a 
perforation in the axis, and therein fixes; and, upon the 
two arms formed thereby, are capable of Aiding 

kl two cylindric weights of lead of equal fize, which 
are capable of being fixed upon any part of the cylindric 
arms, from the axis to their extremities, by means of two 
thin wedges of wood. The two weights, therefore, being 
at equal diftances from the center, and the axis perpen¬ 
dicular, the whole will be balanced upon the point at b, 
and moveable thereupon by an impelling power, with 
very little fridtion. 

Upon the upper part of the axis are formed mn, two 
cylindrical barrels, whereof m is double the diameter 
of n ; they have a little pin ftuck into one fide of each 

2t 0 2 

qJs a piece capable of Aiding higher or lower, as occa- 
fion requires; and carries 

Vol. LXYls Ppp Ra 
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n a light pulley of about three inches diameter, hung 
upon a fteel axis, and moveable upon two fmall pivots. 
The plane of the pulley, however, is not directed to the 
middle of the upright axis, but a little on one lide, fo as 
to point (at a mean) between the furface of the bigger 
barrel and the lefs. 

s is a light fcale for receiving weights, and hangs by a 
fmall twine, cord, or line, that paffes the pulley, and ter¬ 
minates either upon the bigger barrel or the lefs, as may 
be required; the fliding-piece Q_being moved higher or 
lower for each, that the line, in pafling from the pulley 
to the barrel, may be nearly horizontal. The end 
of the line, that is furtheft from the fcale, is termi¬ 
nated by a fmall loop, which hangs on upon the pin 0, or 
the pin p, according as the bigger or the leffer barrel is to 
be ufed. 

Now, having wound up a certain number of turns of 
the line upon the barrel, and having placed a weight in 
the fcale s, it is obvious, that it will caufe the axis to turn 
round, and give motion to its arms, and to the weights of 
lead placed thereon, which are the heavy bodies to be 
put in motion by the impulfe of the weight in the fcale; 
and when the line is wound off to the pin, the loop flips 
off, and the fcale then falling down, the weight will ceafe 
to accelerate the motion of the heavy bodies, and leave 
them revolving, equably forward, with the velocity they 
have acquired, except fo far as it muff be gradually lef- 
fened by the friction of the machine and refinance of the 
air, which being fmall, the bodies will revolve fometime 
before their velocity is apparently diminifhed. 


MEASURES 
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MEASURES OF SOME PARTS OF THE MACHINE. 


inches. 


Diameter of the cylinders of lead, or the heavy 
bodies, 

Length of ditto, 

Diameter of the hole therein, 


3,57 

,72 


Weight of each cylinder 3 lbs. Avoirdupois. 

Greater diftance of the middle of each body j g 
from the center of the axis, J 

The fmaller diftance of ditto, 3 > 9 2 

1 o turns of the fmaller barrel raifes the fcale, 1 
5 ditto of the bigger ditto, J ’ 

When the bodies are at the fmaller diftance above fpe- 
cified from the axis of rotation, they are then in effect at 
half the greater diftance from that axis; for, fmee the axis 
itfelf, and the cylindric arms of wood, keep an unvaried 
diftance from the center of rotation, the bodies them- 
felves muft be moved nearer than half their former 
diftance, in order that, compounded with the unvariable 
parts, they may be virtually at the half diftance. Ill 
order to find this half diftance nearly, I put in an arm of 
the fame wood, that only went through the axis, without 
extending in the oppofite direction; one of the bodies 
being put upon the end of this arm, at the diftance of 
8,25 inches, the whole machine was inclined till the 
body and arm became a kind of pendulum, an 1 vibrated 

P p p 2 at 
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at the rate of 9 2 times per minute; and as a pendulum of 
the half length vibrates quicker in the proportion of 
Vi to V2; that is, in the proportion of 92 to 130 nearly; 
therefore, keepingthe fameinclination of the machine, the 
weight was moved upon the arm till it made 130 vibra¬ 
tions^ minute; which was found to be, when it was at 
3,92 inches diftance from the center as above ftated, 
which is about ^ths of an inch nearer than the half 
diftance. The double arm was then put in, and marked 
accordingly, and the bodies being mounted thereon, 
the whole was adjufted ready for ufe; and with it were 
tried the following experiments, each of which was re¬ 
peated fo many times as to be fully fatisfadtory* 


TABLE 
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TABLE OF EXPERIMENTS. 


No 

Ounces 
Avoirdu¬ 
pois in the 
Scale. 

Barrel ufcc), 
M the bigger, 
N the {mailer. 

The Arms, 
W the whole, 
H the Half- 
length, 

Number of 
Turns of the 
Line wound on 
the Barrel. 

Time of the 
Defcent of the 
Weight in the 
Scale. 

Time in maL 
ing 20 Revolu¬ 
tions with equa¬ 
ble Motion. 






u 

it 

1 

.8 

M 

w 

5 

14 7 

29 

2 

8 

N 

w 

10 

»8i 

29? 

3 

8 

N 

w 

2! 

14 ? 

587 

4 

3 * 

M 

w 

S 

7 

14 

5 

3 2 

N 

w 

10 

14 

I 4 j 

6 

3 ^ 

N 

w 

*7 

7 

a8| 

7 

mm 

M 

H 

5 

7 

x 4 + 

8 

wm 

O 

H 

10 

14 

IS 

9 

8 

Mm 

H 

*7 

7 

3°7 

1 

’ - - 

2 

■n 


5 

6 

7 


The 58'q in number 3, column 7, was deter¬ 
mined in faa from 29^, being the time of making 10 
equable revolutions, after the weight was dropped off, 
in order to prevent the fenfible retardation that might 
take place, and affe6t the obfervation, if continued for 20 
revolutions made fo flowly. 


FURTHER. 























464 ilfr. s me a ton on Mechanic Power . 

FURTHER DEFINITIONS. 

I have already defined what I mean by mechanic 
power; but, before I proceed further, it will be neceffary 
alfo to define the following terms : 

Impulfe or Impulfion, 1 By all which, I under- 
Impulfive Force or Power, * ftand the uniform en- 
Impelling Force or Power, J deavour that one body 
exerts upon another, in order to make it move; and that, 
whether it produces or generates motion by this endea¬ 
vour or not; and the quantity of this impelling power 
may be meafured either by its being a weight of itfelf, 
or by being counter-balanced by a weight. It may alfo 
a<5t either immediately upon the body to be moved, fo 
that if motion is the confequence, they move with the 
fame velocity; and that, either by a fimple contact, or by 
being drawn as by a cord, or puflied as by a ftaff: or it 
may adt by the intervention of a lever or other mechanic 
inftrument, in which the velocity of the body to be 
moved may be very different from the velocity of the 
impelling power or mover; but in comparing them, the 
impelling powers muft be reduced according to the pro¬ 
portional velocities of the mover and moved; or, in levers 
of different lengths, they may be compared by a ftandard 
length of lever, which is the method taken in the lubfe- 
qu^nt reafoning upon the preceding experiments. An 

impelling ^ower, therefore, confifting * of a double 
weight, or requiring a double weight to counter-balance 
it, when acting with equal iqvers, is a double impelling 
power, or an impelling power of double the intenfity. 

OBSER- 
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observations and deductions from the preceding 

experiments. 

ift, By the firft experiment it appears, that the me¬ 
chanic power employed, confifting of 8 ounces in the 
fcale, deliberately defending (by 5 turns of the bigger 
barrel) through a perpendicular fpace 25J inches, will 
reprefent the quantity of mechanic power which caufes 
the two heavy bodies, from a ftate of reft, to acquire a 
velocity, fuch as to carry them equably through ao cir¬ 
cumferences of their circle of revolution in the fpace of 
2,9 and that the time in which the mechanic power 
produced this effea was 14^, as appears by column 6th. 
And this mechanic power we fliall exprefs by the num¬ 
ber 202, the product of the number of ounces in the 
fcale multiplied by the inches in its perpendicular defeent, 
for 8x 25^=202. 

2d, By the fecond experiment, as 10 turns of the 
fmaller barrel are equal to the fame perpendicular height 
as 5 turns of the bigger, it follows, that the fame me¬ 
chanic power, viz. 202, adting upon the fame heavy 
bodies to accelerate them, produces the very fame cffcdfc 
in generating motion in the bodies as it did before, viz. 
20 revolutions in 29^, the fmall difference of A of a fe¬ 
cond being no more than may reafonably be attributed to 
the unavoidable errors arifing from fridtion of the ma¬ 
chine, want of perfedt accuracy in its meafures, reiillancb 
of the air, and imperfedtions in the obfervatiohS them- 
felves, which muft not only be allowed for in &ns,'but 

1 
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the reft; but as the impelling power is ading here upon 
a lever of but half the length, and, confequently, but 
half the intenfity, when referred to the bodies to be 
moved, it takes juft double the time to generate the fame 
velocity therein. 

deduction. It appears from hence, that the fame 
mechanic power is capable of producing the fame velo¬ 
city in a given body, whether it is applied fo as to pro¬ 
duce it in a greater or a lefler time; but that the time 
taken to produce a given velocity, by an uniformly con¬ 
tinued action, is in a fimple inverfe proportion of the 
intenfity of the impulfive power. 

3dly, The third experiment being made with turns 
of the lefler barrel, the fame weight in the fcale of 8 
ounces defcending only one quarter part of the former 
perpendicular, the mechanic power employed will be 
only one quarter part of the former, viz. 50^; but as 
one quarter part of the mechanic power produces half 
of the former velocity in the heavy bodies; that is, they 
make 20 revolutions in 58"-; that is, nearly 10 revolu¬ 
tions in 29"; we may conclude, in this inftance, that 
the mechanic power, employed in producing motion, is 
as the fquare of the velocity produced in the fame body; 
and that the velocity produced is as the time that an 
impelling power, of the fame intenfity, continues to aft 
upon it, as appears by the near agreement of numbers 
2 and 3, column 6th. 

4thly, In the fourth experiment, the apparatus is the 
fame as the firft, only here the weight in the fcale is 3 2 
ounces; that is, the impelling power is the quadruple of 

the 
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the firft, and hereby a double velocity is given to the bo¬ 
dies; for they make 20 revolutions in 14^, which is a 
fmall matter lefs than half the time taken up in making 
20 revolutions in the firft experiment. It alfo appears, 
that the velocity acquired is fimply as the impelling 
power compounded with the time of its adtion; for a 
quadruple impulfion adting for 7" inftead of regene¬ 
rates a double velocity, while the mechanic power em¬ 
ployed to generate it is quadruple, for 32x25^=808. 
And here the mechanic power employed being four 
times greater than the firft, it holds here alfo, that the 
mechanic power, to be necefiarily employed, is as the 
fquare of the velocity to be generated; that is, in the fame 
proportion as turned out in the third experiment, where 
the mechanic power employed was only a quarter part 
of the firft. ' 

5thly, The fifth and fixth experiments were made 
with a mechanic power four times greater than thofe 
employed in numbers 2 and 3 refpedlively; and fince 
the fame dedudtions refult from hence as from numbers 
a and 3, they are additional confirmations of the con- 
clufions drawn from them and from the laft article. 

6thly, In the ieventh experiment, the difpofition of 
the apparatus is the fame as number 1, only here the 
bodies are placed upon the arms at the half-length; from 
whence it appears, that the fame mechanic power ftill 
produces the fame velocity in the fame bodies; for though 
20 revolutions were performed in (fee column 7) 
Vol. LXVI. Q q q which 
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which is nearly half the time that 20 revolutions were 
performed in the firft experiment; yet, fince the circles 
jn which the bodies revolved in the feventh are only of 
half the circumference as thofe of number 1, it is ob¬ 
vious, that the abfolute velocity acquired by the moving 
bodies in the two cafes is equal. But, by column 6th, 
the time in which it was generated is only half; yet, not- 
withftanding, this will coincide with the former conciii- 
fions, if the intenfity of the impelling power is com¬ 
pounded therewith; for, though the barrel was the fame 
with the fame number of turns as in number 1, and 
therefore the lever the fame, by which the impelling 
power afted,yet, as the bodies, upon which this lever was 
to aft, were placed upon a lever of only half the length 
from the center, the impelling power, afting by the firft 
lever, would aft upon the fecond with double the inten¬ 
sity, according to the known laws of mechanics; that is, 
it; would require a double weight oppofing the bodies, to 
prevent their moving, in order to balance it. An impul- 
five power, therefore, of double the intenfity, afting for 
half the time, produces the fame effeft in generating mo¬ 
tion, as an impulfive power, of half the intenfity, afting 
for the whole time. 

7thly, The eighth and ninth experiments afford the 
f^me deduftions and confirmations relative to the feventh 
experiment, that the fifth and fixth do refpefting the 
fourty, and that the fecond and third do refpefting the 
firft j and frqm the near agreement of the whole, when 

the 
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the neceffary allowances before mentioned are made, to¬ 
gether with fome fmall inequality arifing from the me¬ 
chanical power loft by the difference of the motion given 
by gravity to the weight in the fcale: I fay, from thefe 
agreements, under the very different mechanical powers 
applied, which were varied in the proportion of 1 to 16, 
we may fafely conclude, that this is the univerfal law of 
nature, refpedting the capacities of bodies in motion to 
produce mechanical effefts, and the quantity of mechanic 
power neceffary to be employed to produce or generate 
different velocities (the bodies being fuppofed equal in 
their quantity of matter); that the mechanic powers to 
be expended are as the fquares of the velocities to be ge¬ 
nerated, and vice verfd ; and that the fimple velocities 
generated are as the impelling power compounded with, 
or multiplied by, the time of its action, and vice verfd. 

We fliall, perhaps, form a ftill clearer conception of 
the relation between velocities produced, and the quan¬ 
tities of mechanic power required to produce them; to¬ 
gether with the collateral circumftances attending, by 
which thefe propositions, feemingly two, are reconciled 
and united, by ftating the following popular elucidation, 
which, indeed, was the original idea that occurred'to me 
on confidering this fubjeft; to put which to an experi¬ 
mental proof gave birth to the foregoing apparatus and’ 
experiments. 

Suppoffe then a large iron ball of 10 feet diameter, 
turned tritly fpherical, and fet upon ail extended plane of 
the fame metal, and truly level. Now, if a man begins to 

Qqqa pufti 
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pufh at it, he will find it very refilling to motion at firft i 
but, by continuing the impulfe,he will gradually getitinto 
motion, and having nothing to refill it but the air, he will, 
by continuing his efforts, at length get it to roll almoft as 
fall as he can run. Suppofe now, in the firft minute he 
gets it rolled through a fpace of one yard; by this motion, 
proceeding from reft (fimilar to what happens to falling 
bodies) it would continue to roll forward at the rate of 
two yards per minute, without further help; but fup- 
pofmg him to continue his endeavours, at the end of ano¬ 
ther minute he will have given it a velocity capable of 
carrying it through a fpace of two yards more, in addition 
to the former, that is, at the rate of four yards per mi¬ 
nute ; and at the end of the third minute, he has again 
added an equal increafe of velocity, and made it proceed 
at the rate of fix yards per minute; and fo on, increafing 
its velocity at the rate of two yards in every minute. The 
therefore, in the fpace of every minute exerts an 
equal itUpulfe upon the ball, and generates an equal in¬ 
creafe of movement correfpondent to the definition of 
Sir isaac newton. But let us fee what happens befides: 
the man, in the firft minute, has moved but one yard 
from where he fet out; but he muft in the fecond minute 
move two yards more, in order to keep up with the ball; 
and as he exerted an impulfe upon it, fo as at the end of 
minute to have given it an additional velocity of 
the [twCbtards, ihe muft alfo in this time have gradually 
changed its yelopty &om fche rate of two yards per mi* 
n»te to that of ihftr, .aivf the fpace, that he will of confe- 
♦ < 3 quence 
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quence have actually been obliged to go tbroogb m the 
fecond minute, will be according to the mean of the < 
tremes of velocity at the beginning and end then of, 
that is, three yards in the fecond minute; fo that being- 
one yard from his original place at the beginning ol the 
fecond minute, at the end of it he will have moved the 
fum of the journies of the firft and fecond minute, that 
is, in the whole four yards from his original place. As* 
he has now generated a velocity in the ball of four yards 
per minute, in the third minute he muft travel four yards 
to keep up with the ball, and one more in generating the 
equal increment of velocity; fo that in the third minute, 
he muft travel five yards to keep up the fame impelling 
power upon the ball that he did in the firft minute in 
travelling one, lb that thele five yards in the third mi¬ 
nute, added to the four yards that he had travelled in the 
two preceding minutes, fets him at the end of the third 
minute nine yards from whence he fet out, having then 
given the ball a velocity capable of carrying it uniformly 
forward at the rate of fix yards per minute, as before 
ftated. We may now leave the further purfuit of tliefe 
proportions, and fee how the account Hands. He gene** 
rated a velocity of two yards per minute in the firft minute,'* 
the fquare of which is four, when he had moved but cm 
yard from his place *, and he had generated a velocity of fix 
yardsyter minute, the fquare of which is thirty-fix, at the 
end of* the third minute, when he had travelled ninh 
yards from his place. Now, fince the fquare of ihevtd-* 
locity, generated at the end of the firft minute, isWthaf * 
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6f the velocity generated at the end of the third minute, 
as 4: 36, that is, as 1 : 9; and fmce the fpaces, moved 
through by the man to communicate thefe velocities, are 
alio as 1 : 9, it follows, that the fpaces through which 
the man muft travel, in order to generate thefe velocities 
reflectively (preferving the impelling power perfedly 
equal), muft be as the fquares of the velocities that arc 
communicated to the ball; for, if the man was to be 
brought back again to his original place by a mechanical 
power, equally exerted upon the man equally refitting, 
this would be the meafure of what the man has done in 
order to give motion to the ball. It therefore dire&ly 
follows, conformably to what has been deduced from the 
experiments, that the mechanic power that muft of ne- 
ceflitybe employed in giving different degrees of velocity 
to the fame body, muft be as the fquare of that velocity; 
and if the converfe of this propofition did not hold, viz. 
that if a body in motion, in being flopped, would not 
produce a mechanical effeCl equal or proportional to the 
fquare of its velocity, or to the mechanical power em¬ 
ployed in producing it, the effect would not correlpond 
with its producing caufe. 

Thus the confequenccs of generating motion upon a 
level plane exadtly correfponcl with the generating of 
motion by gravity; viz. that though in two feconi of 
time the equal impulfive power of gravity gives twief the 
velocity to a body that it does in one fecond, yet this col¬ 
lateral clfcubaftance attends it, that at the end of the 
double time, in confequence^of the velocity acquired in 
2 the 
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the firft half, the body has fallen from where it fet for¬ 
ward through four times the perpendicular; and, there¬ 
fore, though the velocity is only doubled, yet four times 
the mechanical power has been confumed in producing 
it, as four times the mechanical power mull be expended 
in bringing up the fallen body to its firft place. 

This then appears to be the foundation, not only of 
the disputes that have arifen, but of the mid:ak.es that 
have been made, in the application of the different defi¬ 
nitions of quantity of motion; that while thofe, that 
have adhered to the definition of Sir Isaac newton, 
have complained of their adverfaries, in not confidently 
the time in which effects are produced, they themfelves 
have not always taken into the account the fpace that 
the impelling power is obliged to travel through, in pro¬ 
ducing the different degrees of. velocity. It feems, there¬ 
fore, that, without taking in the collateral circumftances 
both of time and fpacc, the terms, quantity of motion, 
momentum , and force of bodies in motion, are abfolutely 
indefinite; and that they cannot be fo eafily, diftindtly, 
and fundamentally compared, as by having recourfe to 
the common meafure, viz. mechanic power. 

From the whole of what has been inveftigated, it there¬ 
fore appears, that time, properly fpcaking, has nothing 
to do with the production of mechanical effects, other- 
wife than as, by equally flowing, it becomes a common 
meafure; fo that, whatever mechanical effcCt is found to 
be produced in a given time, the uniform continuance 
the action of the fame mechanical power will, in a dpuble 

time, 
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time, produce two fuch effeds, or twice that effed. A 
mechanical power, therefore, properly fpeaking, is mca- 
f ure d by the whole of its mechanical effect pi oduced, 
whether that effed is produced in a greater or a lefier 
time; thus, having treafured up 1000 tuns of water, 
which 1 can let out upon the over-fliot wheel of a mill, 
and defeending through a perpendicular of 20 feet, this 
power applied to proper mechanic inftruments, will pro¬ 
duce a certain effed, that is, it will grind a certain quan¬ 
tity of com; and that, at a certain rate of expending it, 
it will grind this corn in an hour. But fuppofe the mill 
equally adapted to produce a proportionable effed, by 
the application of a greater impulfive power as with a 
lefs, then, if I let out the water twice as faft upon the 
wheel, it will grind the corn twice as faft, and both the 
water will be expended and the corn ground in half an 
hour. Here the fame mechanical efted is produced; 
viz. the grinding a given quantity of com, by the fame 
mechanical power, viz. 1000 tuns of water defeending 
through a given perpendicular of 20 feet, and yet this 
effed is in one cafe produced in half the time of the 
other. What time, therefore, has to do in the bufineis 
is this: let the rate of doing the bufinefs, or producing 
the effed, be what it will, if this rate is uniform, when I 
have found by experiment what is done in a given time, 
then, proceeding at the fame rate, twice the effed will be 
produced in twice the time, on fuppolition that I have a 
fupply of mechanic power to go on with. Thus 1000 
tuns of water, defeending through 20 feet of perpen- 

dicular, 
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ciicular, being, as has been fhewn, a given mechanic 
power, let me expend it at what rate I will, if when this is 
expended, I muft wait another hour before it be renewed, 
by the natural flow of a river, or otherwife, I can then 
only expend twelve fuch quantities of power in 34 
hours; but if, while I am expending 1000 tuns in one 
hour, the ftream renews me the fame quantity, then 1 
can expend 24 fuch quantities of power in 24 hours; 
that is, I can go on continually at that rate, and the pro¬ 
duct or effect will be in proportion to time, which is the 
common meafure; but the quantity of mechanic power 
tirifing from the flow of the two rivers, compared by 
taking an equal portion of time, is double in the one to 
the other, though each has a mill, that, when going, will 
grind an equal quantity of com in an hour. 


Rr t 


Yoi. LXVI. 


XXVH1, Anm 



•[ 47 6 ] 


XXVIII. A new and general Method of finding fimple and 
quickly-converging Series', by which the Proportion of the 
Diameter of a Circle to its Circumference may eafily 
' be computed to a great Plumber of Places of Figures . 
By Charles Hutton, Efq. F.R.S. 


TO THE REV. DR. HORSLEY, SEC. R. S. 

Royal Mil. Ac^d. 

SIR* Jan. z$ f 177O. 

R. May i,T^ a late examination of the methods of Mr. 

177 * A machin and others, for commuting the pro¬ 
portion of the diameter of a circle to its circumference, I 
difcbvered the method which is explained in the paper 
accompanying this letter. This method you, sir, will 
perceive is very general, and difcovers many feries which 
are very fit for the abovementioned puipofe. If you 
think it has fufficient merit to entitle it to the honour of 
being offered to the Royal Society, I have taken the* 
liberty to inclofe it to you, requeuing the favour of yoti 
to prefent it accordingly, from, See. • ' 1 ' 

<1 .< > ’All 

P. S. In the courfe of the laft year, I attended fomel 
very intereihftg experiments ©n.the,effe&s of the) 
, * . ’ force 



Mr. hutton on Converging Series, &x. 477 

force of fired gun-powder; as they feem to lead 
to many important conclufions, I believe I fhall, in a 
Ihort time, have the honour of fubmitting to your 
infpe£tion an account of fome of them, for the like 
purpofe as the following paper. 

THE excellency of this method is primarily owing 
to the fimplicity of the feries by which an arc is found 
from its tangent. For if t denote the tangent of an arc a, 
the radius being 1, then it is well known, that the arc a 
will be equal to the infinite feries, 



where the form is as fimple as can be defired. And it is 
evident, that nothing farther is required than to contrive 
matters fo, as that the value, of the quantity t in this feries 
may be both a fmall and a very fimple number. Small, 
that the feries may be made to converge fufiiciently faft; 
and fimple, that the feveral powers of t may be raifed 
by eafy multiplications, or eafy divifions. 

Since the firft difoovery of the above feries, many 
have ufed it, and that after different methods, for da* 
termining the length of the circumference to % great) 
number of figures. Among thefe were Dr. halley, Mr.i 
abraham sharp, Mr. machin, and others, of our own> 
country; andM. de lagn^jM- euler, Sec, abroad. Dr*J 
Halley ufed the arc of 30°, or ~th of the circum¬ 
ference, thetangent of which beirig=V|, by futomtingMj 
for t in the above feiites, and -multiplying by‘6, t2fe v femi 
1 R r r a circum- 
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circumference is=6s/fx: &c * wIuc ^ 

feries is, to be fare, very fimple; but its rate of converging 
is not very great, on which account a great many terms 
muft be ufed to compute the circumference to many 
places of figures. By this very feries, however, the in- 
duffrious Mr. sharp computed the circumference to 72 
places of figures; Mr. machin extended it to x00; and 
M. DE LAGNEY, Bill by the fame feries, continued it to 
128 places of figures. But although tins feries, from, 
the x ath part of the circumference, does not converge 
very quickly, it is, perhaps, the belt aliquot part of the 
circumference which can be ufed for this purpofe; for 
when fmaller arcs, which are exadt aliquot parts, are 
ufed, their tangents, although fmaller, are fo much more 
complex, as to render them, on the whole, more operofe 
in the application; this will eafily appear, by infpeaing 
fomeinffances, that have been given by Mr. gardiner, 
in his editions of sherwin’s Tables. One of thefe me¬ 
thods is from the arc of 18 0 , the tangent of which is 
another is from the arc of 22°?, the tangent 

of which is Va-1; and a third is from the arc of x 5 0 * 
the tangent of which is 2-V3. All of which are evi¬ 
dently too complex to afford an eafy application to the 
general feries. 

In Order to a ftill farther improvement of the method 
by the< above general feries, Mr; machin, by a very lin¬ 
gular and excellent contrivance, has greatly reduced the 
> ■ 1 11 labour 
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labour naturally attending it. His method is'explamed 
in Mr. maseres’s Appendix to his Diifertation on the 
Ufe of the Negative Sign in Algebra; and I have given 
an analyfis of it, or a conje&ure concerning the manner 
in which it is probable Mr. machin difcovered it, in my 
Treatife on Menfuration; which, I believe, are the only 
two books in which that method has been explained, as 
I never had feen it explained by any, till I met with 
Mr. maseres’s book abovementioned on the Ufe of the 
Negative Sign. For though the feries’ difcovered by that 
method were published by Mr. jones, in his Synopp 
Palmariorum Matbefeos , which was printed in the year 
1706, he has given them merely by themfelves, with¬ 
out the leaft hint of the manner in which they were ob¬ 
tained. The refult fhews, that the proportion of the dia¬ 
meter to the circumference is equal to that of 1 to qua¬ 
druple the fum of the two feries’, 



The flower of which converges almoffc thrice as fait asi 
Dr. halley’s raifed from the tangent of 30°. The latter 
of thefetwo feries converges dill a great deal quicker; but 
then the large incompofite number 2 3 9, by the reciprocals 
of the powers of which the feries converges, occafions 
fuch'fbhg,tedious diy ifions,as to counter-balance its quick— 
nefsof convergency; fo that the former feries is fummed* - 
with ratW more eafe than the latter, to the fame, num- 
' * her 
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ber of places of figures. Mr. jones, in his Synopfis , 
mentions other feries’befides this, which he had received 
from Mr. MACBIN for the fame purpofe, and drawn from 
the fame principle. But we may conclude this to be the 
beft of them all, as he did not publilh any other befides 

it. 

' M. euler too, in his IntroduSlio in Analyfm Injhv- 
forum , by a contrivance fomething like Mr. machin’s, 
difcovers, that \ and ~ are the tangents of two arcs, the 
fum of which is juft 45°; and that, therefore, the dia¬ 
meter is to the circumference as i to quadruple the fum 
of the two feries’. 



. 



* 57 - r? + s?’ fec - 

f, + s? " & + fec - 


Both which feries’ converge much fafter than Dr. hal*. 
lei’s, and are yet at the fame time made to converge by 
the powers of numbers producing only fliort divifionsjj 
that is, divifions performed in one line, or without writing 
down any thing befides the quotients. 

I come now to explain my own method, which, in¬ 
deed, bears fome little refemblance to the methods of 
machin and euler; but then it is more general, and 
difcpvers, as particular cafes of it, both the feries’ of thofe 
gentlemen and many others, fome of which are fitter for 
tlijsjpurpofe than theirs are. , , ' t 

method then xonfifts, finding out fuch *fma£l, 

arcs, as fiave fgr tangents fome finafi and fimple.vqlgzff 
fractions (the radiosfieingdenofiedby r),andfuch a$Atfiat 
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fame multiple of thofe arcs fhall differ from an arc of 
45% the tangent of which is equal to the radius, by other 
fmall arcs, which alfo fhall have tangents denoted by 
other fuch fmall and fimple vulgar fractions. For it is evi¬ 
dent, that if fuch a fmall arc can be found, fome multiple 
of which has fuch a propofed diffeience from an arc of 
45 °, then the lengths of thefe two fmall arcs will be eafily 
computed from the general feries, becaufe of the fmallnefs 
and fimplicity of their tangents; after which, if the pro¬ 
per multiple of the firft arc be increafed or diminifhed 
by the other arc, the refult will be the length of an arc 
of 4 5 or |th of the circumference. And the manner in 
•which I difcover fuch. arcs is thus: 

Let t, t , denote any two tangents, of which t is the 
greater, and t the lefs; then it is known, that the tangent 

of thedifferenceofthe correfponding arcs is equal to—r/ 

Hence, if 4 the tangent of the fmaller arc, be fuccef- 
fively denoted by each of the fimple fradions f, }, |, ~ r 
&c. the general expreffion for the tangent of the 
difference between the arcs will become refpedively 

ilpi, g£ Ct . f 0 that if t be expoqndedb 

by any given number, then thefe expreifions- will pm' 
the tangent of the difference of the arcs in known num--' 
here, according to the values of 4 feverally aflumed re- ’ 
fpeaively. And if, in the firft place, t be equal tb I, the 1 
tangent *bf 45°, the foregoing expreftions will give the 
tatigetitof ah arc, which is equal-to the difference 
tween that of andthe-firiLarc? -or 1 

■ « 5 tangent 
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tangent is one of the numbers 4 > j, 4 > f, Bee. Then if the 
tangent of this difference, juft now found, be taken for t, 
the fame expreffions will give the tangent of an arc, 
which is equal to the difference between the arc of 45 0 
and the double of the firft arc. Again, if for t we take 
the tangent of this laft found difference, then the fore¬ 
going expreffions will give the tangent of an arc, equal 
to the difference .between that of 45 0 and the triple of 
the firft arc. And again taking this laft found tangent 
for t, the fame theorem will produce the tangent of an 
arc equal to the difference between that of 45 0 and the 
quadruple of the firft arc; and fo on, always taking for T 
the tangent laft found, the fame expreffions will give the 
'tangent of the difference between the arc of 45 0 and the 
next greater multiple of the firft arc; or that, of which 
the tangent was at firft affirmed equal to one of the fmall 
numbers 4, 4, 4, &c. This operation, being continued 

till fome of the expreffions give fuch a fit, fmall, and Am¬ 
ple fraction as is required, is then at an end, for we have 
then found two fuch fmall tangents as were required, 
viz* the tangent laft found, and the tangent firft affirmed. 

Here follow the feveral operations adapted to the fe¬ 
deral values of t. The letters a, b, c, d, 8cc. denote the 
feveral fucceffive tangents. 

x . Take t = 4, then the theorem gives 


1 



“Therefore the arc of 45% or |th of the circumference, is 

either 
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cither equal to the fum of the two arcs of which \ and ^ 
are the tangents, or to the diifuence between the arc of 
which the tangent is y, and the double of the arc of which 
the tangent is ; that is, putting \=the arc of 45°* 


A= 


1 1 . 1 

+—x : e ~ — + 7-71 

2 3-4 5-4 


9.4 

1 


;-<kC. 


4 — x z 1_~*—+ ~- ;—;+ 7 -— BlC. 

3 39 iV 7 • 9 9 9 


Or, a= 


1 1 

-41 - — 4 


1 4 1 


3*4 5 4“ 7 V 9*4 


-x II 

-7 


1 j 




-8cc. 

-See. 


3 49 5-49* 7-49 9 49’ 

And the former of thefe values of a is the fame with 
that before mentioned as given by M* euler; but the 
latter is much better, as the powers of ~ converge much 
fafter than thofe of 

corol. From double the former of thefe values of a 
fubtradting the latter, the remainder is ?< 

* - - 9 n cq- 7 u- + QO* ^ c * 

A=< 


2 

- 4 —x r r 

1 

1 

"** "T 2, r 1 

I 

3 

T 9 + 

5 9 

7 9 J 

1 

1 

1 

" 1 

4-x : 1 

349 + 

5 49’ 

7-49 J 


I 

9 9* 
x 

949 * 


See. 


which is a much better theorem than either of. the 
former. . , 

» 

a. If t be taken =j, then the expreffion 3T 


3+t 


gives, 


Here the value of <r-| gives the fame expreflign for the 
Value of a as the firfUn the foregoing cafe/and the value 
^t'oiAxVI. Sff '• of 
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0 f gives the vahie of A the very fame as in the corol¬ 
lary to the cafe above. 

a . Taking f=ithe expreffion ~~ gives 
„ 3 

a ~7 

y _ _ 7 _ 

If 23 
5 

C ~ 99 
y _ __79 
a — 401 

Here it is evident, that the value of is the fitteft 
number afforded by this cafe; and from it it appears, 
that the arc of 45 0 is equal to the fum of the arc of 
which the tangent is and the triple of the arc of 
which the tangent is 


+ 4 : 1 

Or that a= 5 


3 ,i6 + 5.16 s 


+ JL X . x _ X- + JL. 

+ 99 X * 1 3-99 5-99 


I 1 o 

yib 3 + 9.X6 4 ^ C * 


v, yy o yy * ** s ** 

Which is the beft theorem that we have yet found, be- 
caufe that the number 99 refolves into the two eafy 
factors 9 and 11 . 


4. Let now t be taken ={, and the expreffion will 


give 




Where 
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Where it is evident, that the laft number, or the value 
of d, is the fitteft of thofe produced in this cafe, and from 
which it appears, that the arc of 45 0 is equal to the dif¬ 
ference between the arc of which the tangent is and 
quadruple the arc of which the tangent is |. Or that 


A=< 


+ yx : I 


239 


x : 1 


3-S 1 

1 


7 T + 


5*5 

1 


1 t 1 

HT + T? 


T + - 


3 - 239 * 5 - 239 * 7-239 9-239 


•&C. 

“&C. 


Which is the very theorem that was invented by Mr. 
machin, as we have before mentioned. 


6t— i 


5, Take now and the expreflion ppp will give 



c 

d 

e 



Of which numbers none, it is evident, arc fit for our 
purpofe. 


Sf f % 


6. Again, 
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6. Again, take and the expreflion ~~ will give 



*7 

3 1 

11 


69. 

742 


f _ — a 59 
/ 5263 

Neither are any of thefe fit numbers for our purpofe. 


7. In like manner take fo fhall g-qp^r give 



- _ 2^7 
" 679 

5729 

~ 47529 


y- T 4°47 
” 388079 


S. And 
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. And if t be taken =}, the expreffion— 


fl = 


d = 


_4 

5 

3 £ 

49 

lii 

236 

799 

2239 

2467 


* 10475 

■f _ II ^°9 
^ 9 6 75 1 

_ 4765 

<S 441284 

. Alfo, if we take if 2^, the expreflion 
a 
h 
c 
d 
e 

f 
i 


IOT- 


IO + T 


9. 

11 

_79 
119 
671 
1269 
544 i 
i 33 6 * 

41049 

1 3905 1 
« 7*439 
* 43*559 

1282831 

— 14587029 
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will give 


will give - 


10. Farther 



4*8 
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IO. Farther, if we take /=—, the expreffion 
•will give 


a - l 


r _ m 

c ~ 415 

4799 

* - 9475 

274,74 

n _ 76751 

J 311689 
266286 
£ ~ 1752665 
t _ 1176481 
b ~ 19545601 


11. Laftly, if we take j?=^,the expreffion gives 


a 

if 

c 


— H 

= *3 

- lx 3 
= 1S7 

-ii 
” 73 




419 

917 


— 4 * x » 

* 11423 

f _ 37909 
/ ” 141187 
_ 3 x 372i 

*' *" 2732*53 
x _ 2032499 

~ 21099557 
4 - - 329043 x 

"" 2552*7183 


Here 
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Here it is evident, that none of thefe latter cafes afford 
any numbers that are fit for this purpofe. And to ti y 
any other fra&ions lei's than £ for the value of *, dees, 
not feem likely to anfwer any good purpofe, eipecially, as 
the divifors, after 1 2 ,become too large to be managed in 
the eafy way of fhort divifion in one line. 

By the foregoing means it appears, that we Have dil- 
covered five different-forms of the value of a, or £h of 
the femi-circumference, all of which are very proper 
for readily computing its length; viz. three forms in the 
firft cafe and its corollary, one in the third cafe, and one 
in the fourth cafe. Of thefe, the firft and iaft are the 
fame as thofe invented by euler and machin refpec-- 
tively, and the other- three are quite new, as far as I 

know. 

But another remarkable excellency attending the firft' 
three of the before mentioned feries is, that they aie 
capable of being changed into otheis which not only 
converge ftill fafter, but in which the converging quan¬ 
tity ftiall.be or fome multiple or fub-multiple of it, 
and fo the powers of it raifed with the utmoft eafe. The 
feries’, or theorems, here meant are thefe three'! • 


1 ft, A= 


adly, a=<[ 


I 

+T* : I 
3 


“* : 1 
• 7 


— +' —s - TTr + TT* 5 &C. * 

3 * 4 - 54 74 94 4 

+ JL-L- •’+ _L', fe c . , 

3*9 5*9 7*9 9*9 

— + —J + —StC. ‘ 

3.4 . 5.4 ■ ... 74 * , 94 4 

1 , 1 : + _LL, fee 

349 + 549*7 749 s ?49 + 


3 dl yf 
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3dly, a=< 


’ 2 I , _i_ 

+ 7* : 1 " I? + 5-9 


7 9 

I 


I * 

“T + - - > 8CC. 


99* 

i 


^+yx : I 


3.49 + 5.49" "" 7-I9 1 * 9* J-9 ’ 8CC ' 


Now if each of thefe be transformed, by means of the 
differential feries in cor. 3. p. 64. of the late Mr. thomas 
simpson’s Mathematical Differtations, they will become 
of thefe very commodious forms, viz. 


iff, a=< 


2 dly, A— 


3dly, A— 


A 4 8* 12? l6y 0 

4.4 . T 4. Jt- 4 - 4 - 4 -* &X. 

*I0 X • 1 3 10 S.IO 7 10 910 

O 2 4 # 6£ 8y - 

4—x * T 4* - + •- + ■ 4- -? 8cC* 

10 • 1 3.10 5.10 7* 10 9‘ 10 


A 4 8# I2«o 

+ s * : 1 + 7 !? + 7 ^ + + 7 ^’ &c - 

i6> 


— 4- ——1— » 


» &c. 


7 4 8* 12? 

. 30 * A 3.100 5.100 7 100 9.100 

6 2 4« 6£ 8y 0 

+ T 3 * '• 1 + JTS + FS + TTo + jW 8cc ' 

+ ix , I + _i_- + ji. + ii- + Jk ., see . 

V- + SO * 1 + 3.50 , 5.50 7.so 9.50 


Where a, % y, Sec. denote always the preceding terms in 
each feries. 

Now it is evident, that all thefe latter feries’ are much 
cider than the former ones, to which they refpedtively 
correfpond; for, becaufe of the powers of x o here con¬ 
cerned, we have little more to do than to divide by the 

n 

feries of odd numbers 1, 3, 5, 7, 9, dec. 

Of ^lf thefe three fbrms die fec-ond is the fitted: for 
computing the required proportion; becaufe that, of the 
two feries’ of which it conlifts, the feveral terms of the one 
6 are 
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are found from the like terms of the other, by dividing 
thefe latter by 10 and its feveral fucceffive powers 100, 
1000, &c.; that is, the terms of the one confift of the 
fame figures as the terms of the other, only removed 
a certain number of places farther towards the right, 
in the decuple fcale of numbers; and the number of 
places, by which they muft be removed, is the fame 
as the diftance of each term from the firffc term of the 
feries, viz. in,the fecond term the figures muft be moved 
one place lower, in the third term two, in the fourth 
term three, See. fo that the latter feries will confift of 
but about half the number of the terms of the for¬ 
mer. Thus, then, this method may be faid to effect the 
bufinefs by one feries only, in which there is little more 
to do, than to divide by the feveral numbers 1, 3, 5, 7, 
Sec. ; for as to the multiplications by the numbers in the 
numerators of the terms, after they become large, they 
are eafily performed by barely multiplying by the num¬ 
ber two, and fubtra&ing one number from another: for 
fince every numerator is lefs by two than the double of 
its denominator, if d denote any denominator (exclufive 
always of the powers of 10) then the co-efficient of that 

term is or a-J* by which the preceding term is to 

be multiplied; to do which, therefore, multiply it by two, 
that is double it, and divide that double by the divifor d, 
and fubtraft the quotient from the faid double. 


Vot. LXVI. 


T 11 


By 
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By a pretty exad eftimate, which I have made, of the 
proportion of the trouble or time in computing the cir¬ 
cumference by this middle form of the value of a, and 
by Mr. machin’s theorem, I have found, that the com¬ 
putation by his method requires about |th or -^th more 
time than by mine. And its advantage over any of the 
feries’ invented by euler or others, is Bill much more 
confiderable. 


XXIX. An 
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XXIX. An Account of a very extraordinary EJeB of 
Lightning on a Bulloch , at Swanborow, in the Parijb of 
Iford near Lewes, in Suffex. In fundry Letters, from 
Mr. James Lambert, Landfcape-Painter at Lewes; 
and One from William Green, Efquire , at Lewes, to 
William Henly, F. R. S. 


LETTER I. 

FROM MR. LAMBERT. 


Sept. 13, 1774. 

R. May 1, T SHALL now inform you of a very extra- 
1776. ordinary and lingular effect of lightning on 
a bullock in this neighbourhood, which happened about 
a fortnight lince. The bullock is pyed, white and red. 
The lightning, as fuppofed, {tripped off all the white 
hair from his back, but left the red hair without the 
leaft injury. I have been to fee the bullock, and have 
made a drawing of it, which I will fend you as foon as I 
can get more particulars from Mr. Rogers, the proprietor; 
for, when I faw him, I omitted to afk him, if the hair 
was all off (as it now appears) when it was firft feen 
the next morning; and whether any hair was found in 
the field; and if it appeared to be finged or not ? The 

T 11 2 bullock 
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bullock does not feem to have been hurt; his fkin looks 
fair and well. Mr. Rogers informs me, that he has had 
two other bullocks ftruck in the fame manner; one laft 
fummer, that was all white, was dripped of his hair like 
this, though not all over his back, but chiefly on his 
fhoulders; the other, two years iince, was pyed, and 
affeded much like the prefeat. He thinks, it cannot be 
the effed' of any difeafe, becaufe the beafts were all in 
good health before and after this accident happened. He 
is more inclined to think it was the effed of lightning, 
becaufe when he has had cattle difordered, fo as to make 
their hair come off, he has never obferved white hair to 
come off more than red, See.; but that it has, if party- 
coloured, fallen off promifeuoufly, and generally in: 
patches; and alfo by flow degrees, and never fuddenly, as 
i4 the cafe of thefe bullocks. I fliall be glad to know 
your thoughts on this matter, whether it is a new cir- 
cumftance to you or not; and if you think it much worth 
attending to. I am, 8tc. 


LETTER II. 


FROM WILLIAM GREEN, ESQ. 


S I R, 


Sept. 28,1774. 


inclofed account of the effed of lightning feems 
J- to me very extraordinary; perhaps, fuch inftances 
may be known to you; however, to be certain whether 

they 
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they are lb or not, I have troubled you v ith a description 
of this cafe; if it fhould piove to be no novelty, you will 
only have the trouble ot reading it. 

In the evening of Sunday the twenty-eighth of Au- 
guft, at this place, there was an appearance of a thunder 
florm, but we heard no report. A gentleman, v I10 v as 
riding near the marfhes not far cliftant from this town, 
faw two 'h-ong flafhes of lightning, feemingly running 
along th ground of the marfh, at about nine of the 
clock in the evening. O11 Monday morning, when the 
fervants of Mr. Rogers, a farmer at Swanborough, in 
the parifti of Iford, went into the marfb, to fetch the 
oxen to their work, they found one of them, a four-year- 
old Peer, ftanding up, to appearance much burnt, and fo 
weak as to be fcarce able to walk. This was mentioned 
to me about a week after the accident happened; and by 
the defeription of it, it feemed to have been ftruck with 
lightning in a very uncommon manner. The ox is of a' 
red and white colour; the white in large marks, begin-' 
ning at the rump-bone, and running, in various direc¬ 
tions, along both the lides; the belly is all white, and the 
whole head and horns are white likewife. The light¬ 
ning, with which it muft have been undoubtedly ftruck, 
fell on the rump-bone, which is white, and diftributed 
itfelf along the fides, in fuch a manner, as to take off all 
the white hair from the white marks as low as the bottom 
of the ribs, but fo as to leave a lift of white hair, about 
half an inch broad, all round where it joined to the red-, 
and not a fingle hair of tire red* that I can perceive, is.’ 

touched* 
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touched. The whole belly is unhurt, but the end of the 
Iheath of the penis has the hair taken off; it is alfo taken 
off from the deulap ; the horns and the curled hair on the 
forehead are uninjured, but it is taken off the lldes of the 
face, from the flat part of the jaw-bones, and it is taken 
off from the front of the face in ftripes. There are a few 
white marks on the fide and neck, which are furrounded 
with red, and the hair is taken off from them, leaving 
half an inch of white adjoining to the red. I looked 
attentively at the feet and legs, and could not difcover 
any hair taken from them (they were very dirty) except 
from the joint a little above one of the hoofs, where it 
was partly off. I have fent a iketch of one of the fides 
of the ox, which will ferve to illuftrate what I have faid, 
and is better than any defcription. I have coloured, with 
faint red, thofe parts which were ftripped of the hair. 
The farmer anointed the ox with oil for a fortnight; the 
animal purged very much at firft, and is greatly reduced 
in flefh. I faw it about a fortnight ago, and it was then 
recovering. I am, Sec. 


LETTER III. 

FROM MR. LAMBERT. 

Nov. 15, 1774. 

I AM forry for the delay in fending you this drawing; 

but, as you know the caufe, I need not fay any thing 
further than that I have the happinefs to acquaint you, 

that 
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that I am now quite recovered from my illnefs. I have 
not had an opportunity of feeing Mr. green, therefore 
cannot tell how his account may agree with mine; but I 
have endeavoured, as much as poilible, to get an exa£t 
ftate of the matter, having carefully infpe&ed the bullock 
twice, accompanied by my nephew and a gentleman at 
my houfe. The creature being, as I obferved to you be¬ 
fore, remarkably gentle, we could examine every part of 
him very minutely. You will fee by the drawing, that 
the white hair was all ftripped off from his back and 
down the fides, as low as the greateft diameter of his 
body, aifo from the top of the nofe, the upper part of 
both cheeks, and over the eyes, leaving the ikin quite • 
bare; but below thofe places, under the belly, gullet, the 
under parts of the cheeks, the legs, and ring of white in the 
tail, together with an edge of white at the parting of the 
red and white hair, all remained without the leaft injury. 
We were the more particular in examining the legs, on 
account of your mentioning that Mr. green had ob¬ 
ferved traces of the ftroke down them to the ground, in 
which, I think, he muft be miftaken; for, both the times 
when we faw the bullock, his legs were quite clean down 
to the hoofs, and the hair feemed to be in a perfect ftate. 

If the legs had been at all affe&ed, I think, it could n< 3 t 
have efcaped our notice in two examinations; and there 
being no marks of lightning on them, inclines me to 
rbinTc^ that the bullock was lying down at the time, and 
if fo, you will readily account for the under parts not ben J 
ing touched. The lightning being conducted by the white * 

, hab> 
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liair, from the top of the back down the lides, came 
to the ground, at the place where the white hair is 
left entire; but there is one remarkable circum- 
ftance, viz, though all the white hah on the upper 
parts was taken away, as beforementioned, yet the tuft 
of white hair on the forehead never received any hurt 
at all. I have converfed with feveral farmers, &c. in 
hopes of getting fome information relative to thofe mat¬ 
ters, but can meet with nothing perfectly fatisfadory. 
The beft account I have been able to obtain is from my 
neighbour Mr. tooth, a farrier and bullock-leach. He 
tells me, that this circumftance is not new to him; that 
he has feen a great many pyed bullocks ftruck by light¬ 
ning in the fame manner as this, both in his father’s 
time (his father being of the fame trade) and fince; 
and that the texture of the fkin under the white hair 
was always deftroyed,' though looking fair at firft; and, 
after a while, it became fore, throwing out putrid matter 
in puftules, like the fmall pox with us, which in time falls 
off, when the hair grows again as before; and that the 
bullocks receive no further injury. In this fate I found 
Mr. rogers’s bullock, the fecond time I faw it, which 
was about a month after the firft vifit; fome of the fcabs 
were then dropping off, and the hair was coming on 
afrefh. I afked Mr. tooth, whether he could recoiled 
among thofe bullocks which he, or his father, had feen 
ftruck dead by lightning, any that were white or pyed? 
But in this he could not fatisfy me; if he could, I think, 
it would have thrown fome light on the fubjed. I 
2 remember 
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remember perfectly well, that all the cattle that I have 
feen, which were killed by lightning, were either black, 
brown, or red, without any white at all in them. I muffc 
obferve to you, that this bullock is both marked and 
affecfted by the ftroke exactly alike on both fides. 

I am, Sec. 


HAVING been favoured with thefe letters, by gen¬ 
tlemen of the ftridteft veracity, and likewife particularly 
curious in their enquiries, I have not the leaft reafon to 
entertain a doubt of the fadts they communicate; and as 
they may, perhaps, be productive of fome important dif- 
coveries, refpecling the different colours of bodies as 
conductors of electricity, I imagined, that it would not be 
improper to lay them before the members of the Royal 
Society. 

To the preceding paper I would beg leave to add the 
following queries: 

i ft, Are not the dark-coloured hairs ftronger in their 
texture than the white or light-coloured ones M ? 

sully, If the dark-coloured hairs are the ftrongeft, may 
not this be owing to their being more deeply rooted, apd 
partaking more largely of that nutritive matter which 
produces and lupports hair ? And does not the change of 
dark-coloured hair to grey, in perfons advanced in years, 
feem to favour this fuppofition ? 


(a) This is a fa& fo well known to houfe-paintcrs, that they do not admit 
a dark hair into their bruihes, as they would occafion a diiagieeable roughnefs 
in their work, j. Coventry* 

Vol. LXVI. u u u 3<*ly, 


U u u 
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3<lly, If the above fuppofitions are allowed, may not 
any internal injury to the fkin (as a violent ele&ric ex- 
ploiion palling through it) prove more fatal to the white 
or light hair than to the black, red, or darker colours? 

Should the above queries be all acknowledged, by 
thofe gentlemen who have confidered the fubjedt, to be 
truths; yet, I believe, they will fcarcely be thought fuf- 
ficient to account for the whole effe& of lightning which 
has appeared in this cafe, and particularly for the edge 
of white hair adjoining to the red, which remained un¬ 
hurt by it; but as they may, perhaps, in fome meafure 
have contributed towards this phenomenon, I have barely 
mentioned them as fuppofitions, and fuppofitions only, 
which have occurred to me. 

A SUBSEQUENT LETTER FROM MR. LAMBERT. 

DEAR SIR, Dec. 6, 1774. 

I HAVE, according to your delire, enquired of Mr. 

tooth, whether he ever faw a ftroke of lightning 
actually fall upon a pyed bullock, fo as to deftroy the 
white hair, and Ihew the evident marks of burning, 
leaving the red hair uninjured ? He fays, he never did; 
nor can he recollect any one that has. But he gives me 
an account of a pyed horfe of his being killed, four or 
five years fince, in a liable adjoining to his houfe, by a 
ftroke of lightning which happened in the night; and 
being very great, Mr. tooth thinking it Itruck his houfe, 

immediately 
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immediately got up and went to the liable, when he faw 
his horfe was ftruck, and almoft dead to appearance, 
though it kept on its legs near half an hour before it 
expired. The horfe was pyed white on the fhoulder and 
niofl part of the head; that is, all the forehead and nofe, 
where the greateft force of the ftroke came. The hair 
was not burnt nor difcoloured, only fo loofened at the 
root, that it came off at the leaf: touch. And this is the 
cafe, Mr. tooth obferves, with all he has feen or heard 
of, 'vi%. the hair is never burnt, but the Ikin always 
affe&ed, as I defcribed it in my former letters. In the 
above horfe, Mr. tooth fays, all the blood in the veins, 
under the white parts of the head, was quite Aagnated, 
though he could perceive it to flow as ufual in other 
parts of the body, under the brown hair; and the Ikin, 
together with one flde of the tongue, was parched and 
dried up to a greater degree than any he had ever feen 
before. The horfe flood in a flail clofe to the door of 
the liable, which was boarded 011 that fide, and through 
them, he thinks, the lightning ftruck him. I am, &c. 


ExtraSl of another Letter from Mr. Lambert, dated Oct. 

10, 1775, with a Drawing N° 3. 

I HERE fend you another inftance of the effc£t of 
lightning on a bullock of Mr. alse’s, at Glynd, which 
happened on the 20th of lalt month; it is limilar to the 
other I lent you in every relpeft, except that 1 think the 
flroke on this.mull have been greater, as the fcarf-lkin 

U u u a feems 
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feems to be peeling off with the hair all over the rump, 
like the piece I have herewith lent, which came off from 
the hip. I think too, that this is more curious, as all the 
led fpots, even thofe fmall ones on the fide, remain firm 
and fmooth, without the leaft injury. You will obferve 
alfo, that, as in the former infiance, after the lightning 
had paffed the greateft diameter of the body, the white 
hair is left intire, particularly under the belly, on the 
legs, Etc. Mr. alse, having never feen nor heard of this 
wonderful phenomenon, could not conceive what was 
the matter with the bullock, till he lent for Mr. tooth, 
who immediately told him the caufe. I am, See. 


HAVING mentioned the foregoing particulars to 
my learned and ingenious friend Dr. a. fothergill, at 
Northampton, he has favoured me with fome conjec¬ 
tures, which I ihall take the liberty of annexing to this 
paper; viz . f< The recent fact you mention, of the effects 
<£ of lightning on the white hair of a bullock, is ex- 
“ tremely curious, but feems difficult of folution. Whe- 
“ ther it can be explained from the difference of texture 
“ between red hair and white, is doubtful; or whether 
“ there is not fomething peculiar in colours, as being 
“ conductors or non-conductors of electricity, may de- 
“ ferve enquiry. The phlogifton, or inflammable prin- 
t( ciple, is thought to be the foundation of colour in bo- 
e< dies, and to abound in proportion to the intenfity of 
w the colour- But phlogifton and the electric fluid are 
•;> / , “ probably 
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u probably the fame, or at leaft modifications of the fame 
“ principle; therefore, red bodies are perhaps replete 
u with electric matter, while white bodies may be defti- 
“ tute of itw. A body faturated with it cannot receive 
“ more, and may efcape, while a neighbouring body, not 
“ calculated to receive it, may, on its admifiion, be de- 
“ ftroyedro. Or there may exift a chemical affinity be- 
u tween electricity and the different rays of light, which, 
u in attracting fome, and repelling others, may be the 
“ foundation of many curious phenomena. But, while 
<c we admire the effects; the habitudes and modus ope- 
“ randi of thefe fubtile fluids may, perhaps, for ever 
<( elude the cognizance of our fenfes.” 

(b) Many fubftances muft certainly be excepted from this rule. w. henly. 

(c) This effeCt of lightning generally happens to fuch bodies which, in fome 
meafure, refift its entrance. See . merely on account of their being imperfect 
conductors, w. henly. 
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XXX. Of the Light produced by Inflammation, 
By George Fordyce, M. D. F. R. S. 


R. May 9, TY THEN a body is heated to a certain de- 
i 77 6 * y\ g ree ^ - lt ] )ecomes luminous, and is faid to 
be ignited. One of the means of producing heat is in* 
flammation; and this, as is well known, is fufficient for 


ignition. But, I apprehend, that, befides the light pro¬ 
duced by ignition, there is alfo light produced by the 
inflammation itfelf. For the inveftigation of this prin¬ 
ciple, it will be neceffary to confider ignition in the firft 
place. 

Subftances, heated to between 6 and 700° of Fahren¬ 
heit’s thermometer, begin to be luminous in the dark. 
If they be colourlefs, the light which is firft obferved is 
red; as the heat is increafed, there is a mixture of yellow 
rays; and, laftly, a due proportion of all the coloured 
rays to form a pure white, which has been commonly 
called, by chemifts, a melting heat. The intenfcncfs of 
this light depends much upon the denfity of the heated 
body; for, while metals, heated to this degree, throw out 
a /fcrong light, the vapour at the end of the flame of a 
blowpipe, properly applied to a lamp, is not vifibly lu± 
minous, thopgh the heat be fo great as immediately to 
give a white heat to glafs. The colour of this light is 

affe6ted 
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affected by the colour of the ignited matter. While zinc 
is calcining, the pure white calx throws off a light, which 
vies with that of the Sun in brightnefs and purity; the 
green calx of copper gives to the flame of a fire, in which 
it is calcining, a beautiful green; and tallow burning in a 
candle, being converted into empyreumatic oil, as it paffes 
off from the wick, the yellow colour of this oil gives a 
yellownefs to the flame, which very much alters the co¬ 
lours of objects feen by candle-light from what they 
appear to be in the day. 

The light produced by the decompofition of bodies in 
inflammation is totally independent of the heat, and 
its colour is blue; for fubftances which burn, without 
producing 6oo° of heat of Fahrenheit’s thermometer, 
give light during their inflammation. Thus, phojphorus 
of urine expofed to the air burns and is decompofed, 
producing light with very little heat; and that this is a 
true inflammation and decompofition appears from this 
experiment. Take a receiver of white glafs, capable of 
holding fix or eight gallons; put into it a drachm of pbof- 
pborus of urine, finely powdered, and half an ounce of 
water; cork the mouth of the receiver, and tye it over 
with a bladder, fo as to exclude the external air; incline 
the receiver to all fides gently, and afterwards let it to 
reft; the powder will adhere to the fides, and the water 
will drain from it. As foon as the water is fufliciently 
drained off, the particles of the phofphorus will become 
luminous, and emit a thick fmoke: this will continue for 
fome days; but at laft no more light or vapour will* 

1 appear.' 
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appear. Open the receiver, and you will find, that the 
air will have contradted, as it does fiom the infiamma— 
tion of a candle in van helmont’s experiment; that is, 
about a twentieth pait. It is become unfit for inflam¬ 
mation; for if a lighted candle be immerfed in it, it 
will be extinguifhed as well as the phofphorus , and ail 
animal will be fuffocated by it. The air then has buf¬ 
fered the fame change, as that air which has ferved for 
the inflammation of other bodies; and the phofphorus is 
partly decompofed, the water in the receiver being im¬ 
pregnated with its acid, and the air faturated with its 
phlogifton. Blow frefh air into the receiver, and the 
light and fmoke will immediately rc-appear. In like 
manner, it is known, that fulphur will burn and give 
light, without heat fuflkient for ignition. Take a piece 
of iron heated nearly red hot, and throw a little gun¬ 
powder upon it. If the heat be of a proper degree, the 
fulphur will burn off with a blue flame, without heat 
Aifficient for ignition; for, if fuch heat had been pro¬ 
duced, the gun-powder would certainly have taken fire, 
which it does not. It is the inflammation and decompo- 
fition of the fulphur, and not its evaporation, which pro¬ 
duces the light; for, if we fublime fulphur in clofe vcl- 
fels, made of the raoft tranfparent glafs, no light wall be 
vifible, except at the very beginning, when a fmall por¬ 
tion of it burns till the air in the veffcl be faturated, and 
rendered unfit for inflammation. 

That the light, which is produced by the decompofi- 
tion in inflammation, is blue, in whatever degree of heat 

the 
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the inflammation takes place, appears from obferving 
the bottom and lower part of the flame of a candle, 
where the inflammation is; the light produced is blue. 
Or take a candle which has burnt for fome time, extin- 
guilh it by applying tallow to the wick, and let it ftand 
to cool; afterwards fet it on fire by the flame of another 
candle: at fir.ft, no more vapour will arife than can be 
a£ted upon by the air at once; inflammation, therefore, 
will go on in the whole fmall flame, and it will be blue. 

It may be neceflary to obferve here, that, when a candle 
burns, the following procefs happens. The tallow boils 
in the wick, and is converted into empyreumatic oil, rifing 
from it in the form of vapour. As it rifes from every part 
of the wick, the volume is increafed till it comes to the 
top, and gives to the lower part of the flame the form of 
a fruftum of an inverted cone. The air is applied to the 
outer furface of the column of vapour, and, there de- 
compofing the empyreumatic oil, produces heat and blue 
light; the flratum of vapour, within the outer burning 
furface, is heated white-hot; the heat diminilhes towards 
the center, which, if the flame be large, is fcarcely red-hot; 
as the columnrifes, decompofition taking place conftantly 
on its furface, it neceffarily diminilhes, and the upper 
part of the flame is conical. That the tallow boils in the 
wick can be feen; that it is converted into empyreumatic 
oil is proved by drawing the vapour, riling in the middle 
of the flame, where it does not burn, into aglafs tube; 
the empyreumatic oil condenfes. This alfo Inews, that 
the flame does not burn in the middle. That the heat is 
Vol. LXVI. X x x produced 
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produced on the outer furface appears, if we take a fmall 
rod of glafs, and put the end of it in the blue flame on 
the furface; it will be heated white-hot and melt. Iin- 
merfe the rod into the flame, fo that the point lhall be 
in me center, it will melt and bend, where it is in the 
blue flame on the furface; whereas, if the flame be 
large, the point which is in the center will hardly be 
heated red-hot. That the empyrcumatic oil is decom- 
pofed is proved by burning a candle w ith a very fmall 
wick in diftilling veffels, no condenfation of empyreu- 
matic oil takes place. We may conclude, therefore, 
that light is produced by the decompolition, as well as by 
the ignition, in inflammation. 

I will not take up the time of this learned Society in 
applying thefe principles to the explanation of various* 
appearances in burning bodies; or ground upon them 
any practical rules for producing ftrong or faint, white 
or coloured light, thefe being fufAciently obvious. I 
have - chofen to illuftrate this fubjeht by experiments that 
may he the moft eafily tried; but, left the manner of 
powdering pbo/pborusihould not be known,I will give the 
procefs. Take phofphorus of mine two drachms; put it 
into a four-ounce phial; pour upon it three ounces of 
•water; heat it gently, by immerflon in warm water, till 
the phofphorus melts; fhut the phial v ilh a cork; take 
it out of the water, and fliake it brifkly till it be cold; the. 
pbofpborus will be found in powder. 
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XXXI. Experiments on ignited Bodies. 
By John Roebuck, M. D. F. R. S. 


ExtraSt of a Letter from Dr. roebuck to Dr. 

BROCKLESBY. 

R. Feb. 15, Ti/TR, buffon afferts, that he found a ball of 
7 * JL ▼ -L iron, which weighed 49 lbs. 9 oz. when 
cold, to weigh, when heated to a white heat, 49 lbs. I x 
oz. which is an augmentation of weight of 19} grains to 
the pound. 

This extraordinary facSt, circumftantially narrated by 
the very eminent and ingenious M. buffon, being con¬ 
trary to the opinions of thofe philofophers who have molt 
enlarged our natural Knowledge by their candid and 
cautious inquiry into the qualities of bodies, made me 
very folicitous to make limilar experiments. 

Some time ago, when I was at Birmingham, I had 
very luckily an opportunity, by the aid of two accurate 
balances of my friend Mr. bolton’c ;, one of which 
would, without {training the beam, weigh a pound and 
turn with one-tenth of a grain; and the other weigh half 
an ounce, and turn with the hundredth part of a grain. 

X x x 2 I heated 
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I heated a piece of iron, of nearly one pound weight, to 
a white heat, or what the fmiths call a welding heat, and 
found, by the moll accurate experiments which I could 
make, and which I again and again repeated, that the 
iron, when left feveral hours in the balance to cool, 
weighed nearly one grain lefs when cold than when hot; 
and that a piece of iron, of about five pennyweights, which 
was tried by the finaller and more accurate balance, 
weighed, as appeared by an index which moved oppofite 
to a quadrant, fomewhat mox'e when cold than when 
hot. I tried the fame experiment on copper; but, to my 
great furprize, I found a piece of copper, of nearly one 
pound weight, four grains lighter after it had been left 
feme hours to cool in the balance than when it was put 
in. I repeated the experiment, and found the event the 
fame; but fufpe&ing this might poflibly arife from the 
copper calling feales, I placed a flieet of white paper un¬ 
der the balance, and collected as many feales as made up 
nearly the deficiency of the weight. 


TO SIR JOHN PRINGLE, BART. P. R. S, 



the variation of the weight of bortibs when hot and c6ld. 


April 
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April 29, 1776, I heated a cylinder of wrought 
iron, which weighed fifty-five pounds, to a white 
heat, and exadly balanced the fame, when hot, in the 
prefence of the bon* henry cavendish, nath. picgot, 

MATTHEW RAPER, ANDREW CPOSBY, EDW. DELAVAL, 
HAMILTON, DAVID HARTLEY, WILLIAM RUSSEL, 
Efquires; Doctors hunter, brocklesby, morton, 
WILLIAM FORDYCE, GEORGE FORDYCE, RUSSEL, W 4TSON 

junior, musgrave; Meff. John hunter, ben. wilson, 

JAMES RUSSEL, R4MSDEN, WH1TEHOUSE, MAGELLAN. 

After the cylinder had been two hours cooling in the 
feaie, I weighed it again, and found that it had increafed 
in weight three pennyweights and a few grains. Five 
hours after cooling, Mr. Magellan weighed it, and 
found it had increafed in weight three pennyweights 
feventeen grains. Six hours after cooling, when the 
cylinder was blood-warm, I weighed it again, in the pre¬ 
fence of Dr. HUNTER, Dr. brocklesby, Mr. GRAY, and 
Mr. neisbit, and found it to have increafed in weight 
four pennyweights. The day following, about twenty- 
two hours after cooling in the prefence of Matthew 
raper and ANDREW crosby, efquires, I again weighed it, 
and found that it had increafed in weight fix penny¬ 
weights feventeen grains. Mr. abram whitehouse, 
who was very felicitous to have the above experiment 
made- accurately, procured from Mr. s am cel read a 
very expfit beam, which readily turned, to the conviction 
of all the above gentlemen, with lefs than a penny* 
weight, though loaded with the above iron cylinder; but 
MATTHEW RAPER, Andrew crosby, Efquires, and my- 

felf 
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felf examined the beam leifurely and accurately, and 
found it turned very diftinctly with four grains, though 
loaded as above* In order to difcover the caufe of this 
increafe of weight of the cylinder when cold, I heated 
two ounces eight pennyweights of the fcales or calx of 
wrought iron, and found the fame to increafe in weight 
five grains when cold. 

I heated two pieces of pure filver which weighed two 
pounds, ten ounces, five pennyweights; and when the 
filver was cold it increafed in weight five grains, though 
it produces no calx from being heated red-hot. 

The above experiments are conformable to thofe 
which I formerly made with fome very exact fcales at 
Birmingham; an account of which I tranfmitted to Dr. 

JJROCKLE5BY. 

I have the honour to be, See. 
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XXXII. Experiments and Obfervatlons on a new Jppara - 
tus, called ,, A Machine for exhibiting perpetual Electri¬ 
city. In a Letter to the Rev. Dr. Horlley, Sec. R. S. 
from Mr. William Henly, F. R. S. 

reverend sir, March 4, 1776. 

R^May 16, jk /T Y ingenious friend Mr* george adams, 
I7/6 ' 1/J. philofophical inftrument-maker to his 

majefty, lately put into my hands a little apparatus, 
which he called a machine for exhibiting perpetual elec¬ 
tricity, and informed me, that it was the invention of 
fome foreign gentlemans A This machine confifted of a- 
circular plate of glafs, about eight inches in diameter, co¬ 
vered on one fide with a coating of bees-wax and rofin,, 
about the fixteenth part of an inch thick. This coat of 
wax, See. being ftrongly excited with a dry warm flan¬ 
nel, he placed upon it a circular board, of the fame di- 
menfions,coated with tin-foil, and furnifhed with a gials 
handle ferewed to, and Handing upright upon in Thefe 
bodies having remained in contact fome feconds, th© 
boaid was railed up by the glafs handle; when, applying 
the knuckle to the tin-foil coating, afnap was hea.d, a 
fpark feen, and a fmall fenfation felt. On replacing the 
board, and permitting it to remain fome feconds, as before,, 
having touched the tin-foil with a finger, on removing 
it again, and applying the knuckle, as at firlt, the fame 

(a) I have fincc learned from Mr. nairne, thatM. tolta, of Coma, near 
Mil?.*, was the im«ntor of it. 

phenomena 
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phenomena were produced; and might, Mr. adams ob- 
ferved, be repeated for a long time, without any renewal 
of the excitation of the wax, any farther than the re¬ 
placing the board might be faid to excite it. It imme¬ 
diately occurred to me, that, as this plate of wax, 8cc. 
wzs made by excitation, a Arong negative eleCtric, the 
phenomena produced by it could only be the reverfe of 
thofe I had formerly made with an excited plate of glafs, 
and publifhed in the Phil. Tranf. vol. LXIV. part u. p. 
407,.; viz, where mine were pofitive, thefe were nega¬ 
tive; and where mine were negative, thefe were politive. 
But, to determine this matter, I made the following ex¬ 
periments. Firft, 1 infulatedMr. canton’s electrometer, 
and having electrified the balls pofitively, I prefented 
toward them the excited wax, as foon as it had been fe- 
parated from the coated board; and perceived, as I ex¬ 
pected, that the balls were attracted by the wax; but, if 
the balls were electrified negatively, they were as plainly 
repelled by it. The board produced juft the contrary 
effeCt. Secondly, I held my Leyden vacuum , or analyfis 
of the Leyden bottle, deferibed Phil. Tranf. vol. LXIV. 
part 11. p. 400. by the coated bulb, and touched the 
brafs ball on the neck of it with the coated board, the 
moment it had been feparated from the excited wax, 8cc. 
and inftantly perceived a variety of beautiful ft reams 
dart from the point of the wire in the bottle, and fpread 
themfelves in different directions through the bulb. On 
icpeating the experiment, and prefenting the coated part 
of the bottle toward the board, a fmall fpark bf light 
appeared upon the point of the indofed wire; a plain 

indication 
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•indication that the point had received electricity, and, as 
before obferved, that the coated board, being feparaied 
from the wax, 8ec. was itrongly electrified/)//^; and confe- 
quently, the coating of wax, See, on the plate of gl'ifi*. 
minus. Thefe phenomena, being fo often produced, 
without a frefh excitation of the w ax, though tnev aw 
aftonifhing to Grangers, w ill not be fo furprizing to elec¬ 
tricians, who have conlidered Mr. grey’s experiment 
with a cone of fulphur, contained in a glafs veliel, which, 
as often a^ they were ieparated, fliewed figns of electri- 
ciry in all {fates of the weather. See Dr. priestle.y*s 
Hiftory of Electricity, 2d edit. p. 39. I have flicwn at 
large, in a former paper, that merely hearing either glafs 
or amber will not make them electrical; but the fridtion 
of glafs againft glafs, or fealing-wax againft fealing-vax, 
previoully warmed, I find, will excite either of thefe lub- 
ftances; and my ingenious and learned friend thomas 
ronayne, Efq. informs me, that he had long lince made 
the fame remark on fealing-wax. But, prelling a finger 
in the gentleft manner on the amber, after heating, will 
excite it. Indeed, a fine piece, which I frequently carr 
in my pocket, I always perceive to be electrical, without 
any other friaion than what it receives from the pocket. 
Sealing-wax, Mr. ronayne tells me, he always found to 
he aftedftedin the fame manner; and negative elearics, 
perfe, being once thoroughly excited, are obferved to re¬ 
tain their elearical quality very long, as they do not fo 
loon attraa the moifture in the atmofphere as glafs. 
Glafs, however, will retain its elearicity many hours, as 
I have had frequent occafion to remark. My late friend 
Vol. LXVI. Yyy Mr. 
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Mr. canton informed me, that, having excited a rod of 
plafs very flrongly, he fet it at feme distance from the 
fire in his parlour, and found that it was electrical, after 
Handing in that fimation, in dry air, twenty-four hours. 
How much longer it would have retained its cledricity, 
had he let it remain there, he knew not. How long a 
large and neatly-prepared Leyden bottle will retain its 
charge, fo as to be fenfibly electrical, I have never ex¬ 
perienced; but Dr. PRIESTLEY obferves, Hiflory of Elec¬ 
tricity, p. 516, that he has more than once received fuch 
Ihocks as he Ihould not like to receive again from the 
refiduum of his battery, even two clays after the dif- 
charge, and when papers, books, his hat, and many other- 
things, had lain upon the wires the greateft part of the 
'time.- Even the refiduum of a refiduum., he fays, he has 
known to remain in his battery many daysf-;. One thing, 
however, is very remarkable in Mr. adamb’s apparatus, 
viz. fuppofmg the negative electric to have parted with, 
its electricity to the rubber; why, when the coated board 
or plate of metal is fet upon it, and that plate is touched 
by a finger, the equilibrium is not thus prcfently re- 
ftored? But, perhaps, when the elcdtric matter, naturally 
inherent in bodies, is once thoroughly excited and put in 

. (a) My friend the reverend Mr. hemming, hath been fo obliging as, at 

my tequeft, to make a variety of experiments, with a view to detcunim'thh 
matter, and fliewed me a fmall bottle, which attracted a thread of trial at 
oni-firtttelith bf an inch diflance, May 23, though the bottle had hefcn chirped 
and ftbod in'aicupboard in his fiudy from March 14, <vh. 70 days. Tips 
v) lin.lcr 0 his.ekjftrical machine will alfo fcpar$tc the balls of Mr. canton’s 
elc.ftromctcr a fojtnight after ufing, though a variety of methods have Iwcn 
Ttpeateily ufed to dc* ro/that i otter in the interVah * 

ruftion. 
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fiwdon, it is not fo foon as might be fuipeCted reduced 
again to a quiefeent date, efpecially in bodies fo pecii- 
liarly adapted to affeCt each other as thefe appeal* to be. 
Mr. lane has favoured me with a very curious experi¬ 
ment, which he made as long fince as the month of June 
1764, and then {hewed to many of his friends, which 
feems fully to confirm this opinion. I have, therefore, 
requeued his leave to infert it, as follows.. Having pro¬ 
cured two large pieces of thick plate glafs A and b, w ith 
plain furfaces, and fitted them fo as to coincide with each 
other, he coated a part (about eighteen fquare inches) or 
a, on one fide, with tin-foil, and an equal part qf b he 
coated in the fame manner, lb as to anfwer exactly to a, 
leaving a margin of glals, an inch and a half broad, in 
the narroweft part; but, at one of the ends of each plate 
(which end was reduced in breadth), not leis than five 
inches of the giafs were referred uncoated, for the pur- 
pole of handling them. The uncoated fides of there 
glades being laid together, they were charged by the 
machine as one plate; when the plate a, which touched 
the prime conductor, was found, on l'eparating them, to 
be pofitive on both fides; and b, which was touched by 
a finger during the operation, was negative on botlpi 
fides. Then, laying them in contact, as at fil'd:, and 
making the difeharge as with the Leyden bottle, the 
plates were flail found to cohere, and after reparation 
were oblervcdto remain firongly ele&rical; but with aii 
electricity direCtly contrary to that they fhewed before the 
difeharge, k being now negative, and b pofitive on both 
fide*. But, what is particularly to my purpoie, if the 

Y y y 2 coating 
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coating to a and b (after laying them again together ar, 
at drft) were ioik bee, at tbe fame time, hy a thumb and 
finger of the hand, or any conduftor communicating 
with the caithj the pkto, v. mild then, on being feparated 
(theexperimenc being made in a dark room) emit a thong 
flafh of light; and thu phenomenon Mr. lane has fre¬ 
quently produced twelve or fourteen times fucccflivcly, 
touching the coating of the plates each time before the 
Reparation, without renewing the charge in the glads by 
the machine; but if he omitted to touch the coatings as 
above mentioned, no light was vifible on the fepaiation 
of the plates (>>). Should thofe gentlemen, if any Rich re¬ 
main, who are of opinion, that in elearical experiments 
two fluids, the vitreous and the refmous, are concerned,, 
prbceed to make experiments of this kind, they may, 
perhaps, from fome phenomena, be induced to draw 
conclusions which they may think not unfavourable to 
their own hypothecs. 

My experiments with the excited plate of glads, pub- 
lifhed in the Philofophical Tranfa&ions, as before men¬ 
tioned, may ferve, however, as a key to explain both Mr. 

(b) Crown-glafs, that is, the glafs commonly uieci for f.ifb-u imlovvs, though 
fo much thinner, fucceeds in this experiment as well as the platoglafs; t but what 
is wry remarkable, the Dutch plates, wlwn treated in the fame manner, have 
caqji a pofitivc and a negative furface, and the dc&ricity of both furiaecs, of 
bpt|i plates, is exchanged for the contrary eleflricity in the difthaige. If a 
clean, dry, uncoated plate of looking-glafs be placed between the coated looking- 
glafs pialteS,'6r'betWefcn the plates of crown-glafs, It appeal«, after charging, to 
I* negativity lilearifled on both 'fidws; but if jt be placed between the Dutch 
plates, it acquires, like them, a pofitive ele&iciyy on one fur face, and a negative 
ele&ricity on the other. Further particulars, with a defenption of fome hew 
eleftjpcat apparatus, conftrufied on account o£ thefe phenomena, wilt be given 
aft attoiber opportunity. - ' ,**’ ' n 

* g 
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grey’s experiments, and thofe made with Mr. adams s 
little apparatus now under confideration. Having pro¬ 
cured a plate of glafs, ten inches long and eight inches 
broad, coated in the manner of Mr. adams’s, I was in¬ 
clined to purfue thefe inquiries fomewhat farther. Ac¬ 
cordingly, I placed, upon a ftrong fupporter of glafs, a 
circular hoard, w ith a fmooth and flat furface; and upon 
this hoax d 1 laid a circular brafs plate, of nearly the fame 
fize; and lailly, I placed upon the brafs plate Mr. can- 
ton’s electrometer. Then, having excited the plate of 
wax v\ ith dry, warm flannel, experiment 3,1 let it upon 
the infulated apparatus. The balls prefently opened, 
and, on examination, appeared to be electrified nega¬ 
tively; but, on removing the wax, they clofed, and 
opened again much wider, and were then found to be 
electrified pofitively. In this experiment, the quantity 
of electricity, naturally inherent in the balls, firings, See. 
had been drawn up into the apparatus by the attractive 
power of the excited plate of wax, and they were thus 
left in a negative ftate; but, on removing the plate of 
wax, the halls clofed again, in confequence of the 
return of the electricity, which would be increafed if 
the plate of brafs had been touched by a finger, See. 
and the balls then became very powerfully electrified 
plus. By applying, in the fame manner, the excited un- 
coatecl plate of glafs, or the excited uncoated fide of the 
fame plate, the reverfe of thefe phenomena took place, 
as I have before deferibed them and referred to in the 
beginning of this paper. 

Experiment 4 .1 infulated two of Mr. canton’s elec¬ 
trometers, a and b, and having raifed tfc^pa iii fueh a 

4 manner. 
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manner as to let the balls hang about the ciglitn part of 
an inch higher than the plate of brafs on which the ex¬ 
cited plate of wax was laid, I electrified the balls ot a 
pofitively, and the balls of b negatively, lb as to diverge 
about an inch; I then brought the inlulated apparatus 
as near as I could to the balls, without afic&ing cither, 
(the brafs plate might then be at nearly an inch aiul an 
half diilance from the neareft ball, both of a and b) ; 
then, luddenly removing the excited wax, the balls of 
B' infcantly flew to the brafs plate, and thole of a were, 
at the fame inllant, repelled to as great a diilance from 
it. The apparatus having remained in this fituation lbme 
feconds, on withdrawing the Hand with the brafs plate, 
Sec. the balls of b clofed, having received by this proeefs 
the quantity of electricity they had before been deprived 
of; but the balls of a Hill remained leparate, as wide as 
ever. 

Experiment 5. Having replaced the excited wax, Sec. 
upon the brafs plate, I again electrified the balls of a 
and b, as in the former experiment, viz. thofc of a pofi- 
-tively, and thofe of b negatively. I then took a finall 
phial, properly prepared for the Leyden experiment, 
containing only about three fquarc inches of coated fur- 
face; then, prefenting the knob, on the v ire of the 
phial, to the plate of brafs, I removed the wnx, Sec. and 
inllantlv faw a llrong fpark between the brafs plate and 
the knob of the phial: when, prefenting that knob 
towards the balls of a, they were confidcrably repelled 
but on prefenting it toward thofe of b, they were as 
much attracted. I have made feveral other experiments 
u ith this apparatus; but, *as they all agree with thole 

above 



Qbjervcitions on a new EieS/rical Machine. 521 

above mentioned, I think it unneceffiary to recite them. 

I have likevrife omitted to give a drawing; as to electri¬ 
cians, I apprehend, this paper will be intelligible without 
one; and to thofe who have not confidered the fuhjeCt, 

I imagine, it would be of very little, if indeed of any ufe 
whatever. The fame difficulty- which occurred to Dr. 
franklin, in his analyfis of the Leyden bottle, may be 
{aid to occur alfo in this apparatus, viz. it is hard to 
fay how, or where this electricity is deposited, there is fa 
much of it; and it is fo eaffiy put in aCtion, that I am. 
itill further confirmed in an opinion that I have long 
entertained, viz. that the flighteft friCtion between bodies 
of every kind, in every fituation, may difturb the eleCtric 
matter contained in them, though this effeCt be imper¬ 
ceptible to us, having no electrometer nice enough to dif- 
coverit. Iam, 8cc,. 

In the month of March laft, I repeated Mr. grey's 
experiment with the cone ot fulphur and the glafs; 
and find that, on feparating thefe bodies, the fulphur 
. hath hitherto ro always aCled as a ftrong negative 
eleCtric. Mr. wilcke, in repeating this experiment, ob- 
ferved, that if the glais veflel, into which the lulphur 
was poured, w'as covered with a coating of metal, the 
electrical property of the two bodies would be increafed, 
the fulphur having acquired a ftronger negative, and the 
glafs a ftrong pofitive electricity/^. 

’ (c) Sept. S3, 1776. 

(d) The flan of the glafs fhould be varnifhed, or covered with cc.no’H, and 
the cone of lu’phur (?s M. epinas hath dire&ed) be piodded whh’a^'n.'Vhf ndle, 
flat the it fp.ahe bodict may be fcparated tx pJealVre, wit? wt tou^inTthci.’, 

f .... \ 0 
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I have lately feen a very neat apparatus, much fmaller 
than that I have mentioned in this paper, made by Mr. 
nairne, the coated plate of glals meafuring only three 
inches in diameter. With this apparatus I made the fol¬ 
lowing experiments. I infulated two ol Mr. canton’s 
electrometers, a and b, and having excited the coating 
on the glafs plate, I fet upon it the plate of metal, and 
having permitted it to remain in that fituation about 
half a minute, I raifed it up by the glafs handle, haring 
firft prdffed it clofely into contact, and placed it upon the 
■ ele&fometer a. The excited electric I placed in like 
manner upon b. The balls of both the .ele&romttei s 
diverged confidently; thofe of a positively, and thole 
‘ of b negatively. Then, removing the excited plate of 
'Wax, Etc. from b, the balls clofed, and opened again 
politively, upon the principle already explained in the 
' preceding paper. If, inftead of the brafs <plate, the plate 

glafs Was excited (that is, the uncoated fide of it), and 
"fcjttiwd upon the electrometer a, the halls were affected 
;, fd tfie very fame manner (differing only in the degree of 
*power) as thofe I have before mentioned in my experi¬ 
ments with the excited uncoated plate ol glafs; Phil. 
’Tranf. vol. LXIV. part n. p. 407. 

A variety of new experiments and obfervations, relative 
‘ tb fe'veral articles mentioned in’tliis paper, and other new 
1 f&As in electricity, particularly the electricity of ehoco- 
lat$,*ahd the.feftoratibn of that property of it, \ohen lot, 
by meliihjr with the addition of a lmall quantity of 
olive oil, will beprefented tathe Koyal Society, fooq as 
the materials are properly digefted and trapferibed. 
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XXXIII. Ac court of the Iron Ore lately found in Sibeiia. 
In a Letter to Dr. Maty, Sec, R, S. by Petr. Simon 
Pallas, M. D. F. R. S. 


Peterfbui g. 

O I ri} j$qv, S g *77$* 

R. May i6 > r^pHE travels in which. I have been em- 
I//L " X ployed, by order of our emprefs, fince 
the year 1768, have interrupted the correfpondence I 
had the pleafure to entertain with fome of the Fellows 
of the Royal Society of London, particularly the worthy 
Mr. ootLiisfsoN; and as this ingenious man, in the mean 
time, has left this world, I make fo free as to addsefs 
myfelf to you diredtly, for the leave of communicating 
from time to time, to the Royal Society, fuch obferva- 
tions or paper$, which I am not bound, to deliver to the 
^eedemy hem* I would have before this obferved that 
duty, tfc which the honour of being* adsbroiga mpajkon 
of the Royal Society obliges me, had mt the diibwnbo in 
which I have lived thefe femi years, rw$ty out of Eu* 
rope, and tli?ert^ublefistoe foamier of travelling in thefe 
ecwwlrifs* together diftra&ion* aroddutics of my 

roisdefod it irfcpoffibteu Being now re* 
turned'Ip? nfree ^uiet^m»«ner of living, I flaatl newer 

**eg!e#i m‘ p^poftnrntyiof j Avowing oay attaohnieofc for 
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the ^pYernentiqiigdofi^r#-, feqm$6c i&{$>5£ aft 
latitude, where the Kigheft ridge of mountain begins?^ 
i£pn> pjps and thel'roouhtaius, gfcfte- 

r^j r pou^ft i( 9f gfglfefF Mpf*^ i;atf s : aii4cihiver§,uwhiQ^ 
lifedte^ger^^ji^g^i^ %ngle t^tfee hot^9« Is t^i 
cona^iparer <Jp r J<a£ j^u&^in^rBnth 

l^oach. jmare- io^aTevgf pcrfitioig as they! extfiftdifcd the l 
Np^t)^ S^pephthefp- fpqqndary, jmovmhdjiai &Gmrexp 
UgJ^pfg^^ver^'iqft^fi ^frnne thQufeMife^TaSBOH^|lio] 
lea ijii^p^nd gnpft^of them are covered ^vitteforeflLl 
A. yery ^h -hop- -ore in 'veins was here 'dHcovered iral> 
the yea% i^g, pa a fteep, vroody mountain, about 1 tquu 
EpgJjjjjj Jenifei, aod i$g miks ficnspsi 

th^|9^h- _ofjiCra%pjar%5 fituatPd on .that jriyen , tfflrth&> 
Southward, about 54 0 of latitude, between'two ravwk&spri 
kop^vn, b^thp paines-of Uber, a^Ki $h«®£andf roisnfcfag 
into ^s^iygf'pn th^Eaftern £de, This pfecpowas\thenir 
vh^t^d ^thp.puggrsjfbub # -theMediSs 4$®®*^ 
of irpc^oi^s fjttiate^ rough g^r^rdo ithe iFsbrMJsffJhfoi' 
m$re ^yer^as uorked { th^nghs th& ore ^(tot^insf^Jtosag 

hltpdt§d^eighftn bdimgfcfarft 
(1 Mhbddotodwn ^mr&o 

thereto©* 

lt^gj^ii^hgrfr pi|n^4l^e^ QB^he itotoaficfeps 

n^^4pfe$i>SJto^ \the xatfftwfiDattnraft 

ir &&»Ws9ft ^ ilT ^ fited^pfotaxtf 

rqSfe'jfeS^ a^fy^^|^q^^4fiiaMcm\xa%vociib 
5#ftb»nfi8 n^i^taii^^jnfb^sc^fcpirifHW^ 
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pans of Siberia, and in which thofe miners, of fame 
former and hitherto unknown nation inhabiting thefc 
parts, moftly worked upon copper ores. Nor could fo large 
a mafs ever have been formed in the imall kilns of tliel'e 
people, which never could yield more than 50 or 60 
pounds*of metal at a time; whereas this mafs, in its firft 
condition, weighed above 1680 Ruffian pounds. It is 
throughout of the nature you may fee. in the fpedmen 
which M. Drury will deliver to you. The iron is formed 
in a coarfe, fpungy texture, moftly pure, perfectly flexi¬ 
ble, and fit to be worked to fmall tools by a moderate 
fire; but in a more violent one, and chiefly being melted 
down, it becomes dry and brittle, refolves in grains, and 
will no more ftick together, nor extend under the ham¬ 
mer. In its natural ftate, the iron itfelf is iucrufted with a 
kind of varnifh, which has preferved it from ruft; but, 
wherever this is loft, or the iron bars broken, ruft comes 
on very readily. The cavities formed by the iron are 
equally filled up with a kind of fluor , which for the moft 
part is of a clean, tranfparent, amber colour, cuts glafs, 
has nonfe of the properties of J'coria, and forms, according 
to the hollows it fills, various roundifh grains or drops, 
very glofly and clean, on their furface, having one or 
more flat furfaces. This Jluor is extremely brittle, and 
thus, by cutting off any part of the mafs, this fubftance 
is loft, and comes off partly in grains, and partly in form 
of a coarfe powder of vitrefeent matter. The whole mats 
has no regularity of form, but refembles a large, oblong, 
lomewhat fiattifli pebble, and is coated on the outfide 
1 with 



r ^ 9 * 

the Iron Ore lately found in Siberia. 5 ay 

with' a matter refembling fome blackifh, browh iron 01 es. 
This coat, however, covers not the whble mafs; it is alio 
very rich of iron, and even the tranfparent Jhior yields 
fome pounds 01 iron in the hundred. "Whoever will 
confider the mafs itfeif, or large fpecimens of it, will not 
have the lead doubt of its being worked by nature, fince 
it has no one character of /coriaceous matters melted by 
artificial fire, or commonly found among volcanos. 

With regard to thefe, as feeming a probable place 
where this mafs could have been formed, it may not be 
amifs to add the following obfervations. The mountains, 
where it was found, are part of the Northern extenfions 
of that mighty chain of mountains which runs from 
Weft to Eaft through Afia, and forms the natural limits 
of Siberia, with the Defarts of Tartary, the Mongols, and 
the Chinefe Empire. From the river Irtifh, where the 
foreliills and lower parts of thefe mountains yield, in a 
great many places, the richeft filver ores, the chain runs 
generally fomev hat to the North-eaft, and therefore ex-* 
tends to the Eaft of the river Jenifei, over a much greater 
part of Siberia than what it did before. Its forehills are 
almoft every where compofed of rocks and Jlraia, rifing* 
very fteep to the horizon, and the horizontal layers are 
Only found in the level country, in which alfd all kinds: 
of foflil and petrified fea productions arc very feared, and' 
only found in the very Northern parts of Siberia. Com¬ 
mon flint is as fcarce in Siberia as petrifactions, and no-' 
thing like productions of volcanoes any where to be, 
found.. E\en in fome places, where hot fprings -are, 

] found, 
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f©u&d, aipfritae of no 

$dftRqife^a?h&fi" arte Some¬ 
times obferved about the river £rtSfiv)aftd more frequently 

& life very ne%U-„ 
h^u^j^o^t^^^aStec^iadxcJt’a^^dor Hainan, wliioh 
g^^r^to4|i^ aboilrithfeTe Iidccs ? &bVe 4 r u 

an^VAl§f4^f lhas '^ eeil hearti oi > hot iHiiem 

oi^^fiqj^na^hesNoithern part of Aii^excenfthOfe in ^ 
} ftnd thej ifLaadsuinewl y-dif&) v’^rfea 1 i SetWfecli/ 
that peninfula and the coalmens bf^NoriiF ^Hierldar* 
The fame may be affured of the Urallian mountains, a 
ridge that runs from South to Eaft, and continues to the 
very Northern Ocean and Nova Semlja, being only inter¬ 
rupted by the Streight of Waygat. It is this ridge of 
mountains that makes the natural limit between Europe 
and Alia, and to the Eaft of which the largeft lhare of 
true remains of elephants, rhinocerofes, and large buffa¬ 
loes, is found in the banks of all the larger rivers, that 
run from the above-mentioned chain of mountains to the 
Northern Ocean, and yield futh remains from the places 
where they reach the plains of Siberia (no fuch bones 
being ever found in the higher mountains) to the vci y 
Ocean; where the frozen earth of the Northern plains 
preferves thefe remains of Southern animals in lucli per¬ 
fection, that when I was at Irkuzk, the head and two leg*, 
of a true rhinoceros were fent from the river WiluV, with 
its fkin and part of the tendons preferred on them, 
which are now in the Mufcum of our Academy, and fully 

delcribed 
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-cfifeSrf feipa that will 1M* ^romthfe pott^ 

iibetty t© ieueUypu, fc^tftei&yal 1 
Sopiety, w^teveffjlj^^ publilhe&fittceri j 4 >y\ -artd'fome 
other purifies fg^thte >foleum. i£oany particular prd- 
or caccpu|}t>pf; natural productions- s fiofri thefe 
paip^lhpuld be waited fcHfche Society^ I ftialhbe ready to 
ferve y^th whateverJ arable to fupplyv 1 1 xf—ieq isti 
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XXXIV. On the CnJlcUhattons obferved on Ghfs. By 
James £eir, Ffquire, of Stourbridge. Communicated 
by G. Fordyce, M. D. F> R- S. 

E, May 23, r^p peculiar figure of rock-cry Hal lias 
1776. J[_ been long obferved. Many other fub- 

ftances, as fpars, precious ftones, pyrites, ores, metals u 
falts, water w, and oil (o, are alfo known to affcdl an uni¬ 
formity of fhape, when they are expofed to certain de¬ 
grees of heat, cold, fluidity, and other neceflary circum- 
ftances. From their refemblance in this refpc& to rock- 
cryftal, they are faid, when they afl'ume their peculiar 
forms, to cryftallize; and the regularly-fhaped bodies, 
into which thefe fubftances concrete, are alfo called 

crvftals. 

* 

(a) Native gold lias been found in a cryftalli/ed form. M. ROME or. 
l’isle. in liis EJfal dc Gryjialkgraphie, p. 39O, lays, that lie lias feeii pieces of 
native gold which were eight-lklcd folkls, like cryflals ot allum, and one piece 
which was ai hexagonal plate, I11 Dr. iiuta’eie’s inufeum, lbnm line fpeciuu 11s 
of cryftalliaed native gold are to be l'tcn. Gold may be cryftallizcd by art alfo. 
Some atlicr having ban poured into a folution of tliis metal in aqua ngia, 1 
obferved, a few months aftenvanls, the gold feparated from the nmtjrunm^ in the 
form of cuilinct pohgonous pnfms. 

(b) The vaiious and regular forms of the particles of fnow, which is 
nothing elfe than water cryftallucd, are well known. 

(c) The cryflals, formed by cold, in the oil of faflaiias, have been obferved 
to be very beautiful, regular, hexagonal pnfms. 

In 
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In many fab rupees tv hen broken, t! e parts appear to 
have fonie det^nricate figure. This determination of 
figure, cr gr<J.’i, as it is called, is obv ious in bifmuth, re- 
gulus of an tin ' sine, and all other metallic bodies, 
Tillich liny be ti^-*.en without e\tenfion of parts; and 
although the dutfilify of gold, fiiver, lead, and tin, pre¬ 
vents the appearance of the peculiar grains, when pieces 
of thefe metals are broken, yet we have reafon to believe, 
that, by expofing them to proper drcumftances, they alio 
would fhew a difpofition to this fpecies of cryftallization, 
as it may be called, by a further extenfion of that term ; 
for Mr. homberg has obferved, that when lead is broken 
while hot, in which bate it is not ductile, a granulated 
texture appears. Perhaps all homogeneous bodies, in 
their tranfition from a fluid to a folid date, would, if this 
tcanfition were not effected too haftily, concrete into cry- 
ftals, or bodies fimularly figured. Inftances of fuch C?y- 
ftallization have occurred to me in glafs, which had pafied 
very flowly from a fluid to a folid flate; and the form, 
regularity, and fize of thefe vitreous cryftals have varied 
according to the circumftances with which their cpnc^c r 
tion had been accompanied. 1 fend along with ( this 
paper a few fpecimens of this cryitallized glafs, together 
with a drawing of fome of the mod remarkable cryfljh. 

The pieces of glafs, tparktd T° 1. were tofcfft from tjip 
bottom of a large pot, which had fiood stfa, a glad-hcipe 
furnace at the time the fire was allowed gradual; to mr 
tinguifh. In this cafe,- the mnfs of heated matter ,^^ 4 > 
great that, without tfoq addition, of ft*#, 

Vol. LXVI. 4 A timed 
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tinned long, and t^e tranfition of,tlie glafs from a fluid 
to a folid ftafe was very {lowly accomplished. The upper 
part of this glafs was found to be changed into a white, 
opaque, or rather femi-opaque fubftance, refembling in 
colour and texture fome of the white {pars. Under this 
cruft, which, in fome places, was a quarter of an inch 
thick, and in others more, the glafs was tranfparent, but 
considerably obfcured^ and its colour was changed from a 
dark green to a dull blue. In this femi-pelhicid glafs were 
C&fperfed many white, opaque, regular cryftals, the form 
of which was generally that of a folid, whofe fide-view 
i&reprefented by fig. i. and whofe bafis by fig. 2, The 
forface of thefe cryftals feems to be bounded by lines 
rather-; elliptical than circular, which are fo difpofed, that 
a traufyerfe fe&ion of a cryftal, that is, a fe&ion perpen* 
dicular to its axis, is an hexagon, as is {hewn, in fig. 3. 
and 4.. former of which reprefents a view, and the 
latter^ plan, of that fe&ion. In the middle of each bafis 
of the cryftal, a conical cavity appears, as is {hewn in fig. 
% % and a* The elliptical lines which bound the furface of 
thpenyfijals feem to be occafioned by the edges of m^ny 
fhjpi plates, fo arranged round the axis of each 1 cryftal, 
that their longitudinal diameters are parallel to fh^t taxis* 
Qf thefe plates, twelve are larger, more confpicuous, and 
bitter defined? than the reft. They are,placed,in pairs, 
a*i an lequahdbtence from £abb other, forming the fix 
ahg^iftfc.ths. hexagon^ fe/tinn and bafis, as, appears m 
^‘Sif^i.and^h The rftit»ryals between the p# of 
plates, j&at is,(the .areas qf the tijangles into whicfi-jtbp 
t ,ju £. / * hexagonal 
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ragged and irregular; but ieveral of them fliew a ten¬ 
dency to an hexagonal form, the regularity of which 
may have been difturbed by the motion of the melted 
glafs acting upon and bending thefe very thin cryftals, 
while they were hot and flexible, at the time when the 
pot was pulled out of the furnace. 

The fpecimens marked N° 3. are pieces ol a glafs- 
houfe pot, down the outer fides of which fome melted 
glafs had run, and adhered long enough for the forma¬ 
tion of various kinds of cryftals. The inner fldcs alfo of 
thefe pieces are covered with glafs varioufly cryftallized. 
Some of thefe cryftals feem to be femi-columns, of 
which the flat fides, or interior furfaces, are expofed to 
view, and are reprefented by tig. 9. Other cryftals, 
reprefented by fig. 10. feem to confift of feveralicmi- 
columnar ones, uniting together in the fame plane round 
a common center, like broad, flat fpokes of a wheel. 
Many of thefe fpokes feem to become narrower as they, 
approach the center of the, wheel, and, therefore, refera¬ 
ble more the fegments of frujla of cones cut along their, 
axis, than of cylinders. But, perhaps, this appearance 
proceeds only from the femi-columns being fo difpofed 
near the center of the wheel, that the edge of one isdaid 
over the edge of the contiguous fcmi-column, like the 
fpokes of a fan. 

In the fpecimen of glafs, marked N° 4. which had ran 
through, a crack in a pot, and had remained adhering to- 
the bars of the grate of a furnace, fuftkiently long for a 
cryftallization to take place; fome of the cryftals appear 

oblong 
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oblong and needle-like, and others globular, or nearly of 
the globular form. In this piece of glafs, many of the 
needle-like Cryftals are fccn to unite round a common 
center;- and alchough they have probably been prevented, 
by the too Hidden cooling of the glafs, from concreting 
in a fuffecient number to make complete globular cry¬ 
ftals, yet.they fufficiently fhew the manner in-which 
thole, which ai e complete, have been formed. All the 
cryftallizations, hitherto deferibed, were obferved in a 
dark, green window-glafs, made at Stourbridge, and called 
Broad-glafs. This glafs is compofed of fand, kelp, cal¬ 
careous earth, and lixiviated vegetable allies. 

Cryftallizations frequently occur alfo in the glafs of 
which common bottles are made, the materials ufed in 
the compofition of which are nearly the fame as thole 
above mentioned for broad-glafs, with the addition fome- 
times of the fcoria of iron furnaces. Of this kind is the 
fpecimen marked N° 5. in which the cryftals are not in- 
veloped in a medium of tranfparent uncryftallized glafs, 
for the whole piece is an opaque, cryftallized fubftance; 
but they are prominent from the furface of the mafs. 
The form of the cryftals is that of the blade of a two- 
edged fword, whofe point is truncated. In no other 
glafs havelfeen fucji perfedt cryftals as in thofe fwo kinds* 
above mentioned, broad and bottle-glafs, which being, 
more fluid and lefs tenacious, when melted, than any 
other, the minute , particles, of which cryftals confifty 
more eafily concrete, and apply themfelves to each oth§jy 
with lefs refiftancc from the medium. Perhaps alfp the , 

greater 
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greater proportion of calcareous an^ Other* earthy parti¬ 
cles may difpofe thefe glafles to cryftalli^ ihore than 
others, which Contain a larger quantity of filine and 

metallic fluxes. ' 

Flint-glafs, when long expdfed to a dull fed^ieat^ ac¬ 
quires a cioudinefs, which, probably, proceeds from a 
number of Irhall white particles, concreted by means Of 
cryflalli^ation; but thele cryftals are too minute for Ob- 
fervatioS?. 1 fufped: alfo, that the opaque wMtenefs, given 
td’ glafe'^y airfenic, is the effed of a cryffcdl&ation, to 
which this fubftance difpofes certain kinds of glafs; for 
the opacity given to fuch glafs by arfeniC, being greater 
than the opacity of the arfenic itfelf, cannot be commu¬ 
nicated to a large proportion of tranfpareht gla% ihfeMy 
by the mechanical interpofition of this opaque, and 
times only femi-opaque fubftance. *- * 

Mr. ikEAUMUR has obferved, that fome kinds Of giafs/ 
by long ekpofure to certain degrees of h&tty ladqoSfrb af 
white bpaque cruft on their furface; and thatthis-ihangd 
of coknir'and texture, by a longer continuancb*bf-qhe? 
heat; penetrates farther, till at length the whole fhbftanee* 
of^ the > glitls Is converted into' a White;‘Opaque body,* 
which,* frOm^fortie fdppof&l refemblhitfe 1 to'poreeflJbkV, 
has t>derf iliftfriguifhed by the name of itWbTfttmV 
porcelain, but is really nothing elib thin glafs ihdiftihdtly 1 
ttyiMlfk&h *’ J r > j/r '«( , u* 

Scfe^dAhepropeities of gia&dfe borifidefaMV chad^ed 5 
by cryflilfektioh; its fran'fpardhcy isdfeftfdfecl, ifrid fha^ 
quires an 0pa4ue or ffemi-opaque^hiteneTs; Its denfity ib‘ 
' a incrcafcd, 
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increafed, for the denfity of a piece of cryftallized glafs 
was found, by experiment, to be to that of water as 267 6 
to 1000; whereas the denfity of a piece of uncryftallized 
glafs, which had been contiguous to the former, and con- 
fequently had been compofed of the fame materials, .and 
expofed to the fame heat and other circumftances, was to 
the denfity of water as 266a to 1000. The brittlenefs 
of glafs is diminilhed. by cryftallization; for cryftallized 
glafs is lefs apt to crack by change of heat and cold* 
Cryftaljpation is always accompanied or preceded by 
an evaporation of the lighter and mare fluid parts of the 
glafs; for Hound, that, by expofing a piece of tranfpa- 
reijt glafs tall it was entirely cryftallized, one fifty-eighth 
part of its weight was loft by evaporation: and I am in¬ 
duced to believe, from other trials, that glafs, which con-: 
tains too large a proportion of faline fluxes, is left capa¬ 
ble of cryftallizing than other harder glaftes, till it lias 
loft its fuperfluous quantity of fuch fluxes by evapora¬ 
tion. A doubt may therefore arife, whether the change 
of properties, induced by cryftallization, be merely the 
effects of altering the texture, that is, the arrangement 
of the minute integrant parts of glafs; fince this change 
is always accompanied With a loft of the lighter payts of 
the cryftallizing fubftance. But, although a fuperfluous 
quantity of faline or other fluxes may impede the cryftal¬ 
lization, yet, that the change of properties, induced by 
cryftallization, is principally or folely the effect of an 
alteration of texture, is evident from this obfervation; 
that a piece of cryftallized glaft, ,whcmexpof?cl to a heat 

considerably 
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confiderably more intenfe than is fufficicnt merely roi its 
fufion, and afterwards haftily cooled, lofes all its acquired 
properties, a 1 1 is again reduced to the date of traniparent 
brittle glafs, which, however, by means of the evapora- 
tion it has fudamed of its lighter and more volatile parts, 
is rendered confiderably harder, denfer, and lefs fufiblc, 
than it was before the cryftallization. 

Many analogous inftances might be adduced to fhew 
•how much the properties of bodies depend merely on 
the different arrangements of their integrant parts, or on 
their modes of cryftallization. Thus, for inftance, caft- 
iron and fteel, when cooled fuddenly, acquire a much 
finer grain or texture than when annealed, or {lowly 
cooled, and are alfo more hard, elaftic, brittle, and fonor- 
ous. From the above defeription of vitreous cryftals 
we learn, that very different cryftallizations occur in the 
fame kind of fubftance expofed to different circ.um- 
ftances; and even that ibmetimes differently-fhapcd 
cryftals are found in the fame piece of glafs; in which 
cafe, the circumftances mu ft have been the fame* Per¬ 
haps, indeed, the difference, obfervable in the lhape of 
the cryftals in the fame piece of glafs, may only mark 
the different periods in the progrefb of cryftallization; 
for the cryftals reprefented by fig. 6 , 7. and 8. which 
are found in the fame piece of glafs as thofc reprefented 
by fig* 5. do chiefly differ from thefe in their altitude; 
and perhaps the latter kind may have been eompo&d of 
a number 1 of the former uniting by their bafes* The 
•wheel-like cryftals alfo, fig. 1 o. feem to confift of fcveral 

of 
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of the femi-coiumnar one > ' 'Tanging themfelves round 
a common center like the fpokes of a wheel. The 
globular cryfids in the fpecimen N° 4. have been al¬ 
ready obferved to conlift of many needle-like cryftals, 
converging to one central point. 

Does not this difeovcry, of a property in glafs to cry- 
flallize, reded; a high degree of probability on the opi¬ 
nion, that the great native cry Hals of bajaltes , fuch as 
thofc which form the Giant’s Caufeway, or the pillars 
of Staffa, have been produced by the cryftallization of a 
vitreous lava, rendered fluid by the fire of volcanos-*-- 
• This opinion is further confirmed by the following 
confiderations. The prifmatic and other regularly- 
fhaped bajaltes have been almoft always found To be 
accompanied with lava, pummice-ftones, and other vef- 
tiges of the fire of the volcanoes, whenever they have 
been carefully examined by intelligent naturalifts, as has 
been fhewn by M. desmarets, in his Memoir on the 
Bajaltes of the province of Auvergne, in France; Mem . 
de VAcad, des Sciences , 1771. Bafaltic columns have 
even been difeovered, according to the fame author, 
among the productions of volcanoes now exifting, as of 
thofe of Mount Etna and of the Hie of Bourbon. 

2 . The fubftance of which thefe bafaltic mafles con- 
fill, is generally of the fame nature and appearance as 
the neighbouring and adjoining lava. It is generally 
compact, fufible, and of various degrees of hardnefs, 
probably according to the matters of which the vitreous 
mats was compounded. M. desmarets has- -further 

Vol. LXVI. 4 B obferved, 
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obferved, that the prifmatic bafaltes of Auvergne is actu¬ 
ally a continuation, and generally the termination, of a 
current of lava. 

3. Although the variety of the forms of the cryftals, 
in the fame kinds of glafs, and even in the fame piece 
of glafs, which has been already remarked, fufQciently 
ftiews the uncertainty of any inference drawn from a 
fimilarity of fhape; yet it may not be improper to mark 
the,analogy, in this refpeCt, between the bafaltic and 
vitreous cryftals. The columnar or prifmatic form is 
known to appear moft generally in the cryftallized ba~ 
Jaltes. Of this form alfo are evidently the cryftals repre- 
fentedby %. 5. The femi-columnar, vitreous cryftals, 
fig. 9. feern to be analogous to tire no lefs lingular bafal¬ 
tic feral-columns obferved in the Giant’s Caufeway by 
Bp. eocock (Phih Tranf. vol. XLVIII.); which, he fays* 
were exactly like hexagonal columns- cut in two. M., 
desmarets has obferved, in the province of Auvergne, 
great quantities of fpherical and elliploid baialtics con¬ 
cretions, which were formed of polygonal columns,, 
rather pyramidal than prifmatic, converging from the 
circumference to the center;. Tbcfe feem to be perfectly 
analogous to the vitreous globular concretions which 
have been above obferved to be compofcd of oblong 
cryftals, arranged in a fimilar manner. The famo author 
aHo obferved, in the fame province, regularly-fliaped 
tables, o^pjjijtes pf bafaltes j- of which, Ixe lays,. afTem- 
blages were,,accumulated in all directions, We have, 
fhewn }/ that the cryftals reprefentedhy fig. 1. 2. 3. and 4. 

are 
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are really affemblages of plates or tables, difpofed in 
every direction round a common axis. 

Laftly, The ftone on which the columns of bafaltes 
generally refts, and which fometimes alio is fupported 
by thefe columns, being of the fame nature and texture 
as the columns themfelves, feems to be a mafs irregu¬ 
larly cryftallized, analogous to the irregularly-lhaped 
mafies in the fpecimens of glafs N° 1. and 2. which 
evidently confift of a limilar fubftance as the neighbour¬ 
ing cryftals, and feem to have been compofed of a num¬ 
ber of thefe cryftals indiftin&ly united; for the peculiar 
figures of cr) ftals are diftinct only when they are infu- 
lated, or when they are feparated from each other by a 
pellucid or differently-coloured medium. A medium of 
this kind appears between the vitreous cryftals, and is 
nothing elfe than the more fluid parts of the glafs, 
which longer refill the concretion, but which, by a fur¬ 
ther continuance of the heat, would have become, with 
the parts already cryftallized, one uniform, white, opaque 
fubftance, without any interpolition of tranfparent glafs, 
or diftindtion of cryftal, except on the furface, as in fpe- 
cimen N° 5, in which the cryftals ftand prominent from 
the indiftineft mafs, and unenveloped in any medium, in 
the fame manner as the bafaltic cryftallizations appear 
Handing above the mafs of ftone or lava which fupports 
them. 

Further obfervattdfts oh the bafaltic and vitreous cry¬ 
ftals may probably fuggeft more inftances of analogy 

4 B a *ljetween 
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between thefe two fubftances. No juft objection can be 
drawn againft this analogy from the magnitude of the 
former compared with the minutenefs of the latter: for 
the difference of fize between the fmall vitreous cryftals 
and the ftupendous bafaltic columns, which fupport 
mountains, illands, and provinces, is no more than is 
proportionate to the difference ufually obferved between 
the little works of art and the magnificent operations of 
nature. 
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XXXV. A Belt on the D'/e of Saturn deferihcd hi an ex¬ 
tra Jl of a Better from Mr. MeHicr, F. R. S. to Mr. 
Magellan, F R. S. Dated Paris, May 29,, 1776. 


R. June 6, T HAVE obferved, fince the 14th of May, a 1 
* 77 6 - jjgjt 0 f a fainter light on the body of Saturn, 
oppolifce to the part of the ring behind the planet. It is 
pretty broad, and almoft as diftinct as thefe of Jupiter. 
It was with a very good achromatic of three foot and a 
half, made by Mr. dolland, that I difeovered this ap¬ 
pearance. I wifh you would communicate it to the aftro- 
nomers, becaufe thofe who are furniihed with better in- 
ftruments may, perhaps, fee fome inequalities in this belt 
of Saturn, and fo the time of the planet’s revolution cn 
its axis may be better afeertained than it is at prel'ent. 
Meff. john and James cassini feem to have been the 
only aftronomers who difeovered this phenomenon about 
the end of the laft century. 


XXXVI. An 
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XXXVI. An Account of'Jome poifonous Fifh in The South 
Seas. In a Letter to Sir John Pringle, Bart. P. R. S. 
from Mr. William Anderfon, late Surgeon's Mate on 
bo aid His Maje/lfs Ship the Rcfolution, now Surgeon 
of that Ship. 


TO SIR JOHN PRINGLE, BART. P. R. S. 


IUluIution* 

S I Rj PcptfoUl, .Apul 23, *776- 

r. June 6 , compliance with vour requeft I have lent 

177 JL you the few notes which I had taken of the 
cafes of fome of our fhip’s company, who, on our late 
voyage to the South Sea, had experienced the bad effects 
of eating certain fifh of a poifonous nature. I was, per¬ 
haps, lefs folicitous about remarking the minute circum- 
flances attending their illnefs, as I then believed it was a 
diforder well known in the Weft Indies, having fre¬ 
quently heard of people being poifoned, as it is com¬ 
monly exprefted, by eating fome particular kinds of lifh; 
but, as far as I have been able to inquire lince of thofe 
who have been there, or from books, I do not find that 
any tolerable account either of the difeafe,orof the paeans 
of curing it, has been made public. 

This being the cafe, it is almoft needlefs to fay, that in 
treating the diforder we could have no method founded 
* on 
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on experience to purfue, and therefore were obliged to 
palliate the fymptoms, from the analogy they bore to 
thofe that occur in other difeafes. From a fuppofition, 
that fome of the matter, which caufed the illnefs, might 
lie indigefted in the ffcomach, Mr. patten, the furgeon, 
ordered fome warm water to be drunk, in order to make 
the patients vomit; which effeft it had with fome of 
them, and they were a little relieved by it. After the 
naujea had ceafed, he gave fome weak portable foup, as 
a diluent; and for the raoft troublefome fymptom, viz. 
the heat on the furface of the body, he prefcribed a fu- 
dorific julep, whereof the active ingredients were the 
antimonial wine and fpiritus mindereri. This, in fome 
meafure, had the delired effe< 5 t, as it brought on a breath¬ 
ing fweat, which, for the time it continued, abated the 
violence of the pains. No other medicines were ufed, ex¬ 
cepting fome purging falts,for preventing inflammation, 
in two or three, whofe mouths and throats had been 
more particularly affedted. Their diet confided chiefly 
of tea, fago, and portable foup. 

I have avoided faying any thing about the manner in 
which the poifon operates, as the inftances have been too 
few, to clraw any certain confcquences from them, X 
would only obferve, that its action may be fuch, as to 
aifeft and deprave fome of the organs of fenfation, with¬ 
out much irritating the firfi: paflages; becaufe in all the 
patients the diforder of the ftomach and bow.els had Jong 
ceafed beforp the other fymptoms went off. And I was 
confirmed, in. this opinion by a circumftance which 

afterwards 
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afterwards happened to Captain cook, who, liavirg eaten 
a flnull piece of the liver of another kind of Jfiih (a tc*ra- 
odon) was not fenfible of being hmt by it, till waling 
in the night, and calling for a draught of water, he ne¬ 
ther could feel the vcilbl with his hands, nor was fuilis.lc 
of its weight when he grafped it. On the other hand, it 
was remarked, that fome of the other gentlemen, who 
had likewife eaten of that fifli, had alfo a vomiting and 
loolenefs. The difference, perhaps, depended on the 
quantity taken into the ftomach, and the particular con- 
fiitntion of the perfon. 

I fhall only add here, that, having been favoured by 
Mr. banks with a fight of his drawings, I find the Spar us 
Pagrus of linnalus to be the fifli which that eaten by 
our people moft refembles. It is probable, that it is the 
fame fifh that quiros found to be of a poifonous nature; 
but at the fame time I mud: obferve, that it may well be 
doubted, whether this fpecies is always poifonous, as our 
men ate another of the fame fort about a month after, 
without being affedted by it. I am, See. 

SATURDAY, July 23, 1774, on board His Ma- 
jefty’s fliip the Refolution, off the llland Malieolo, in The 
South Sea, three fifli, of the fame fpecies, that had been 
caught, being dreffed for dinner, affedled all thofe, who 
ate of them, in an uncommon manner; but five perfons, 
who had eaten of one of them, were more feverely at¬ 
tacked than the areft. Immediately after eating, nothing 
was felt but fonae uneafinefs .(or fuch pain as follows 
1 from 
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frojn fwallowing any acrid fubftance) in the month and 
throat. About two in the afternoon, fome felt an un~ 
eafinefs in the ftomach, with an inclination to vomit; 
but it was near the evening before thofe who fuffered 
moft were affected. The fymptoms at firft were univer- 
fal laffitude and weaknfcfs, followed by a retching; and 
in fome, by gripings and loofenefs. To thefe fucceeded 
a flufliing heat and violent pains in the face and head, 
with a giddinefs and increafe of weaknefs; alfo a pain, 
or, as they exprefled it, a burning heat in the mouth and 
throat. Some had the mouth affedted in fuch a man¬ 
ner, that they imagined their teeth were loofe; which 
might really be the cafe, as a confiderable fpitting at¬ 
tended this fymptom. The pulfe all this time was 
rather flow and low. The retching and loofenefs 
did not laft long; but the pain and heat of the head 
were extended to the arms, hands, and legs. The pa¬ 
tients continued in this manner all the night, but with 
fome intervals of eafe. Towards the morning, the pains, 
efpecially thofe in the legs and arms, but more particu¬ 
larly about the knees, were feverer than before. Thefe 
would fometimes remit and frequently fhift, or be more 
violent in one place than in another. Sometimes the 
pain would remove fuddenly from the legs, and fix in the 
head; the palms of the hands were hot; and the finger^ 
legs, and toes, felt often as if benumbed: nay, the whole 
limbs became in fome meafure paralytic,’the fick pcrfon 
being unable to walk unlefs fupported. Although there 
appeared no fwelling in the face, it might be obferved 
Vol. LXVI. 4C 10 
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to have a fort of fhining or glols upon it; and the patient 
fometimes imagined his nofe was grown to a great fize. 

24th, In the forenoon they continued much the 
fame; but fome, after lleeping, were rather ealier; and 
one had a copious fpitting, which, however, gave him no 
relief, for at noon the pains in his limbs coaling were 
removed to his head, which they affc&ed violently with 
a fenfe of throbbing and great heat; nor were there any 
of the patien s, but this one, who complained much of 
thirft during the illncfs. 

Another, in particular, had the pains in his kncco lb 
in created, that they made him cry out. The tioeali- 
nefs at the domach and heat of the throat in all had 
nearly ceafed. When the mucus about the fauces was 
forced away by draining, it felt hot, and left the fame 
fenfation about the throat for fome time. In the after¬ 
noon, molt of them grew much ealier, but continued 
weak; and two, who now feemed better than they had 
been before, complained of heat and forenefs in their 
hands and feet. 

25th, All five had relted tolerably in the night; but 
complained of weaknefs and forenefs of the mouth, with 
heat in the hands and feet. One, who hadbeon rather 
worle than the others, Hill had a confiderable fpitting. 

26th, All continued better, but the pains were not 
entirely gone. The great weaknefs, with heat in the 
hands and feet, were dill general complaints, and the 
Ibrenefs in the mouth remained in lome. The one men¬ 
tioned as having a large difeharge of faliva y continued 

fpitting; 
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fpitting; and another began to have the fame complaint* 
though in a lefs degree. 

27 th, One of the five had no other complaint but a 
difagreeable fenfation on rubbing his fkin in any part of 
his body. Another, as yefterday, mentioned a flight giddi,^ 
nefs, weaknefs, See. A third, who had been the word; of all, 
and who had taken fome purging falts, was much better. 
The other two, who had feemed l'o well the day before, 
became worfe at night; one of them, who before had 
told me of violent pains in his knees, had a return of the 
fame fymptom; the other had pains in his legs, and an 
univerfal uneafinefs. 

28th, They were all confiderably better, except one, 
who had been feemingly well the night before, but com¬ 
plained now of much weaknefs, and flying pains in his 
limbs. 

29th, All of them mended, but ftill complained of 
wandering pains in the limbs, weaknefs and heat in their 
hands and feet. 

30th, Continued as yefterday. At times they feemed 
quite well; but, in the morning, they complained of 
more weaknefs than in the preceding evening; and the 
pains, which generally appeared to be almoft gone in the 
day, returned at night. 

31ft, All were better, but not without fome flight 
pains and a weaknefs in the morning; and fome ftilbfolt 
a difagreeable heat in their hands and feet, and other* fo 

their mouth. ’ 

Attguft 
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Auguft i, One had no complaint. The reft not alto¬ 
gether free from pains, and a fenfe of wearinefs or 
weaknefs. 

ad, All were pretty free from pain; hut one had ftill 

too much heat in his hands. 

3d, All recovered; fome trifling pains and a little 

weaknefs excepted. 

Thefe notes I kept of the five who had eaten of one 
fiih. With regard to thofe who had eaten of the other 
two fiih, they were not fo feverely handled. No figns 
of illnefs appeared amongft them till night; fome 
had then a naufea , retching, and fome loofc ft > ds. 
Others felt only pains in the backs, arms, and legs, as 
in a rheumatifm; but it was obferved, that hi all, the 
face was more or lefs affefted with an uneafy fenfe of 
ftiffnefs. All thefe, though at firft ihghtly ailing, and 
though the fymptoms were later in coming on, had this 
cirbutnftatice attending them, that they were all worfe 
next day in the evening. 

* ! On the 25th, they continued much the fame as on the 
day before in the afternoon; but, towards night, they 
grew fomewhat better. They had pains in their arms 
and legs, with a weaknefs and fenfe of heat on the fur- 
face of the body. 

1 " 26th, All complained in the fame manner; and, though 
the?Jyiiris'Were lefs, they continued, often fhiftirig fud- 
denjy&om'bfie place t6 another, and the weaknefs ra-- 
fher in. creafed; * 


\ 


27 th, 


6 > 
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27th, Two of them, who had flittered leaf!:, remained 
much the fame. The others were fenfibly better. 

28th, Moil of them had wandering pains in their 
arms and legs, but were, in other refpedb, \ifihly Ktttr. 
One who, for the firfic two or three dans, had ilarcely 
complained, laid, that this diy he had a hcad-ach and 
pains in his legs and arms. 

29th, None of them yet perfectly recovered; all com¬ 
plaining of letter pains in their legs, arms, or back. 

30th, All continue much the lame. 

31ft, All better, but not altogether free from pains 
and weaknefs. 

Aug. 1 ft, Some were recovered, and the reft better. 

2d, All of them were pretty well; and they conti¬ 
nued fo. 

Several of our dogs, who had eaten of thefe fill's, and 
efpecially of the guts and bones, Teemed affefted in a 
higher degree than the men, Their illnefs might, per¬ 
haps, have begun in the night, but w r as not perceived till 
next morning. One, in particular, had violent retch¬ 
ings, a paralyfis (efpecially of the hind legs), lay down, 
rolled, howled, and Ihewed other figns of great pain. 
More faliva, or froth, hung about his mouth; and, when 
fatigued, with ftruggling, would fall down, and feemingly 
breathe with great labour. Two of them continued in 
the fame way all day; though others that had eaten,as 
much appeared but flightly afteefted, their principal 
fymptom being oniy weaknefs in the hind legs. Jt was 

4 C 3 obferved 
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obferved, that moft of them were troubled with a fuel¬ 
ling of the penis. 

One lay the firft day, all the afternoon, without being 
able to move, but groaned perpetually, and lay in ap¬ 
pearance in great anguifh. 

Next day, they teemed all fomewhat bettci, except 
one, to v. liom tobacco-juice had been given the day be¬ 
fore, to make him vomit: he died in the afternoon. 

On the third day, though the dogs were more free 
from pain, vet they continued almoft motionlefs, nor did 
they begin to eat. 

On the fourth day, they were all much better, the 
worfl of them running about, and eating his victuals. 

On the fifth, all of them fecracd recovered, one ex¬ 
cepted, who had not been fo foon or fo violently attacked 
as the others. This remark was made of the men like- 
wife; to wit, that thofe who were more flightly and 
later attacked continued ill as long as the others. Some 
days after, the fame dog became fo paralytic in his hind 
legs, that he could not Hand; but afterwards he reco¬ 
vered the ufe of them pretty well. 

A hog, who had eaten of the offals, died nevi morn¬ 
ing; as did a perroquet oil the fecond day, which had 
got from his mailer fome of the boiled fiih. It will be 
proper to add, that another hog died, which had fed on the 
entrails of that fifh whereof Captain cook had eaten a bit 
of the liver; and that a dog, which about three weeks after 
had eaten of a fifh of the fame fpecies, died, after a linger¬ 
ing illnefs, of the fame nature with that which had affe&cd 
others of his kind. XXXVIII. Ex- 
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XXXVIIT. Experiments on Ignited Subjlances. By Mm 
John Whitehurft, in a Letter to James Stuart, 
Efquire , F. R, S. 


TO JAMES STUART, ESQ- 


London r 

S I Rj Nov. 171 $* 

r. May 23, experiments of Mr. buffon upon 

17 7 °* JL ignited bodies feem to prove, that, when 
heated to the degree he mentions, they are more pon¬ 
derous than when cold. The experiments which I have 
made on heated metals, fugged a different idea, and con- 
trad^ the fa& he relates; fo that I am induced to be¬ 
lieve, that fome circumftance, not attended to, has intro¬ 
duced a miftake in the relation this learned philofopher 
has publifhed as the refult of his inquiry. 

His experiment ftands thus recorded (Suppl. Nat. Hid. 
vol. II. p. 11.): a mafs of iron, after receiving a white 
heat, weighed 49 lbs. 9 oz.; when reftored again to the 
temperature of the atmofphere 49 lbs, 7 oz. Hence he 
concluded, that the igneous particles, contained in the 
heated iron, increafed its ab&lute weight 2 ounces 
2 , 
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My experiments are as follows: ift, One penny¬ 
weight of gold, made red- 1 : it, became apparently lighter; 
but, when refcored again to the temper?aire of the atmo- 
fphere, its former weight was perfectly reftored. 

ad, One pennyweight of iron, heated as above, was 
alfo apparently lighter; but, when it became cool again, 
its weight was vifibly augmented. 

It is now feveral years lince I made tliefe experi¬ 
ments; but I well remember to have repeated them 
feveral times, and that the refults were always the fame. 
It may be neceffary to remark, that the beam ufed 
in thefe experiments was feniibly affe&eu by the j-sVoti* 
part of a grain'; and likewife, that each of the metals 
was heated upon charcoal, by-means of a candle and a 
blow-pipe, and both were brought nearly to a hate of 
fuiion. 

It feems needlefs to obferve, that the apparent levity 
of the gold and of the iron, when hot, was owing to the 
afeent of the rarified air above the fcale, and to the ten¬ 
dency of that underneath to reftore the equilibrium of 
its preffure. The increafe of weight in the iron might 
probably arife from its having, in fome degree, acquired 
the property of fteel, by means of the ilamo and char¬ 
coal. 

I am at a lofs to account for the fallacy which feems 
•to have attended M. buffon’s experiment; but it feems 
probable, that the heat of the mafs of iron employ cel by 
him, had a greater effed on that arm of the beam from 

which 
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which it hung than on the other, which being lefs 
heated, would confequently be lefs expanded; and this 
difference of expanfion might produce the error in M. 
buff on’s account of the weight of heated iron# 

If thefe obfervations afford you any fatisfa&ion, it 
will give me pleafure. 

I am, 8cc» 


XXXIX. Ah 
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XXXIX. M Account of a Supprefion of Urine cured by a 
PunBure made in the Bladder through the Anus; being 
an ExtraB of a Letter from Dr. Robert Hamilton, 
Fellow of the Royal College of !' yjicians at Edinburgh, 
and Phyjician at King’s-Lynn, in Norfolk, to Sir John 
Pringle, Bart. P.R.S. 


May 23, T WAS fent for on the 25 th of March, 1774, 

- - 177 ' A to vilit james wilkinson, of about thirty- 
one years of age, the fon of a farrier in this town, who 
htt'd laboured under a fuppreffion of urine for three 
days. 

The 'account this man gave of himfelf was, that he 
had been fourteen years a foldier in a regiment of foot, 
hut hid been difeharged the preceding year as unfit for 
fetvice, on account of this diforder, to which he had been 
long fhbjeCt, and which was fuppofed to originate from 
a Rohe in the neck of his bladder; that, about twelve 
years before his difeharge, he had contracted a gbnor-^ 
rboea , which had been badly cured; that, from that pe¬ 
riod, he had become afflicted with frequent fupprdlions 
of Urine, and that every return had been of longer dura¬ 
tion than the former; that when the fuppremoti had 
continued fcrrfe time, he had been ufecl to go to the Regi¬ 
mental Hofpital, and to flay till it was removed; and that, 

bleeding, 
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"bleeding, purging, and the warm-bath had been the 
means ufed for his relief. He added, that the catheter 
could never be introduced into his bladder frhm the firft 
attack; that the firft figns of relief were a few involun¬ 
tary drops of urine bluing from the uretht a , after which 
followed a fmall thread-like dream, which continued to 
run until the bladder was a little more than half emp¬ 
tied; for he did not think that his urine had at any time 
been perfectly did barged, during the thirteen years he 
had been afflifted with this painful diforder. He con - 
eluded with telling me, that in other refpeds he had 
enjoyed good health; and that the prefent fuppreffion 
had been brought on by hard riding on a journey he had 
undertaken to go exprefs. 

This man was in a very diftreffed condition. His 
bladder was didended to an enormous fize, refembling 
the gravid uterus at that late period of geftation, when 
the fundus reaches above the navel; to fuch a degree was 
it dilated by the repeated fuppreffions of urine for fo. 
many years. His pulfe was fmall and quick; he had 
been troubled with a hiccup for many hours, and had 
vomited every thing he had taken from the firft day of. 
his illnefs. His head and face were emphyfematous from 
draining; and the cellular membrane was fo much in¬ 
flated, that he could not open his eye-lids* He was at¬ 
tended by two furgeons, who had ufed bleeding, opiates, 
dyfters, fomentations, and the warm-bath, without any 
benefit; and they had repeatedly attempted to intro*, 
duce catheters of different fixes, without fuccefs; that* 
inft mment, having pafied without xefiftance to the neck. 
VOL. LXVI. 4 G c£ 
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of the bladder, met there with an obltruClion not to be 
overcome. Under facli preUing chiumftances no time 
was to be loft. The patient's ii> was in imminent dan¬ 
ger, either from a rupture, or a gangrene of the bladder. 
The approach of the latter w as ibon to be apprehended, 
from the hiccup and fmallnels ol the pulfe. There was 
no alternative left; the bladder mull be fpeedily emptied 
by an aperture l'omewhere, or the patient muft perifh. 
The furgeons, therefore, went to prepare their inftru- 
ments for making an opening into the bladder. Re¬ 
flecting, in their abfence, on the moll eligible method 
of performing the operation, 1 was in fome degree of 
perplexity; for I did not much approve of any of the 
methods recommended by the belt chirurgical writers; 
either that of making a perforation above the os pubis , 
in the place where the higher operation of lithotomy 
is performed; or that of the pundlurc in per mao. Whilft 
l-was eonfidering what was to be done, the mother of 
the patient told me, that Ihe had feveral times that day 
attempted to give him a clyfter, but had not been able to 
introduce the pipe, by reafon of a large lubftance low in 
the gut near the fundament, which flopped up the paf- 
fage. It immediately occurred to me, that the obftrudling 
body could be no other than the diftended bladder, which, 
having filled the pelvis> prefled downwards where there 
was the Icaft refiftance towards the anus y as well as up¬ 
wards into the abdomen . From this circumftance I was led, 
to think,* oftdifeharging the urine by a pun&ure into the 
bladder, with a trocar introduced by the anus. I con¬ 
ceived that this method would have advantages fuperior 

to 
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to any other that T had heard of, for limplicity, eafe, and 
fafety. The finger could guide the point of the inftra— 
ment to the very fpot of the bladder to be pierced. The 
coats of the inteflinum redhim and bladder, and the inter¬ 
vening cellular membrane, were all that were to be per¬ 
forated, and they were now prefled fo clofely together, 
that there could be no more art required than in piercing 
any fimple bag of water. When the furgeons returned, 

I told them what had occurred to me concerning the 
defcent of the diftended bladder (for I had not yet exa¬ 
mined it) and its prefling the reclum downwards; I re- 
prefented to them the hazard and difficulty attending the 
operation hitherto in ufe, and propofed this method of 
perforating the bladder with a trocar introduced by the 
anus . They readily acknowledged the advantage of fuch 
a practice, and agreed to give it the preference. We 

examined with a finger in cno, and felt a large round 
tumor, a very little way within the orifice, prefling the 
anterior fide of the return downwards, and pufhing the 
anus zndpcrimpujn considerably outwards. The gut itfelf 
was loofe and empty; and through its relaxed iides^the 
tumor, which was evidently the bladder, Was diilindtly 
tbit firetching every way, completely filling the pelvis,. 
and feeling like the membranes which contain the wa¬ 
ters of a woman in labour, thruft into the dilated vagina* 
I deferibed the manner in which I thought the punc¬ 
ture flibuld be made; and, as 1 imagined that I could 
better execute w hat 1 had myfelf conceived than another* 
perfon, I offered to do it; which being readily affented to, 

G 1 * - » the 




tli'e operatin' was performed in the following manner. 
Having placed the patient oil his back on a bed, with hi®, 
breech projecting a little over the fide of it towaids the 
light, and his legs bent into the polition they arc placed 
in for the operation of lithotomy, and held by two af- 
iiftants, a trocar of the middle fi?e, with its point 
guarded by the extremity of the fore-finger well oiled, 
Was introduced into the anus, until the tip of the finger 
readhed the anterior part of the tumor; when the finger 
bel&g’i Me withdrawn, and the point of the inftrument 
bought into contact with the tumor, it was plunged into 
it,’ fii a direction parallel to the axis of the bladder, in an 
ereCt poftiire; and the perforator being pulled out, the 
W&t# irntnediately followed. A ftraight catheter was 
qtnddy introduced through the canula into the bladder, 
left; as ! it collapfed and fhrunk upwards as the water was 
difeharged, the canula fhould prove too fhort, for its fhell 
wtfs'fhenhldfe to the anus . The canula was then flipped 
ofi£df the aperture as far as the rings of the catheter, as 
being no longer of ufe, and the catheter remained in 
the bladder until the urine was all drawn off; during 
which time, that inftrument was moved different ways, 
to fearch fdr the ftone which was fiippofed originally to 
have occafioned the diforder; but none was to be found*. 


The water being difeharged, the catheter was taken out, 
and v fhe patient put to bed. The parti were repeatedly 
fomerited? and a draught, with half a drachm? of nitre 
and aVdropI of laudanum were given, and two more of 


the fame kftid werO ordered for the night. 


a 6th, 
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26th, He had had a very good night, and had made 
Water five or fix times through the aperture made by the 
trocar. He faid, that as foon as the bladder had collected 
a certain quantity of urine, he had felt an inclination to 
make water; that iVn fitting on a chamber-pot or bed- 
pan, and firaining in the ufual v ay, the urine had rufhed 
out at the aperture per anum in a fiream; and that none had 
pifled by the urethra. Not contented with his account of 
the matter, 1 defined him to make water in my prefence, 
and was witnefs to this cmious and extraordinary power 
of retention of the urine in a wounded bladder, and of 
difeharging it at pleafure through an artificial pafiage. 
Theemphyfiematous fwelling of his head and face was ah- 
moft gone. He was directed to drink the peaoraldeco&ion, 
with the addition of fiome marfti-mallow root, fweetened 
with manna, and acidulated with orange or lemon-juice j 
and the nitrous opiate was repeated. ' _ 

a 7th, He complained of a fulnefs of his belly, pro* 
bably owing to his not having had a fiool. He ftill mad^-j 
water through the trocar-aperture as before, and when*\ 
ever he pleafied; but now he began to perceive a fittlq^ 
urine come by the urethra at the fame time* We d^d v nnt^ 
choofe to order a clyfier, left the gut ihould be injured by, 
the pipe, but to wait the efieCt of the maqt?% which, 
with the night-draught, was ftill continued. The re* ' 
folutioh of the inflammation being now begun, as was * 
conjectured by the mrine ifinding its natural paffage 1^y 0 } 
the uretbf#i a bougie was introduced beyond the 

at the neck of the bladder, and to very good BOT°$r*> . r 1 

a-flth, 
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28th, He was much better, he had had fomc ftools, 
and had palled moft of his urine by the urethra. 

30th, No water had iffued through the aperture either 
this morning or the preceding day; the whole, though in 
a fmall team, had flowed by the urethra . He complained 
of a forenefs in ano. 

31ft, This day he felt that forenefs only when he went 
to ftool. The ffcream of urine by the urethra was ftill 
fmalh 

» April 6th, The pun&ure through the re&um and 
"bladder appeared to be quite healed. The urine was dif- 
charged in a tolerable team, the paffage being, as he 
obferved, much wider than it had been for thirteen years 
before. 

He continued the daily ufe of the bougies; and, 
being fenfible of the great benefit he had received from 
them, 'willingly perfevered in their ufe, until the ftric- 
ttire ivas' fo much lefiened, as to permit a free difeharge 
of 1 his wUter, and by thefe means he obtained a complete 
cii^ i for, in two months after, he left the town in every 
rdfp££t well. It was remarkable, that, during the pro- 
gSrefs of the cure, no urine was perceived to ooze invo¬ 
luntarily through the opening; but it was always re¬ 
tained until the patient, prompted by a fulnefs of the 
bladder, made his water, as has been related. 

' Having given as accurate an account of this cafe as l 
am ahlepl muffc now, sir, in juftice to. myfelf, beg leavc 
to allure you, that I had neither heard, nor rcad 9 of any 
method of perforating the bladder, fimilar to that which 
likve related, before you kindly informed me in your 
4 l aft. 
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iaft letter, that it w as not a new operation; and that I 
flicukl find an account of it in pouteaus Melanges de 
Cbirurde. I have procured the book, and have read the 
paper wi;h great fitkfadion, and am much obliged to you 
for voiv iutdlige ->ce. I do not prefume to claim any 
mer*t im r a ? thing wh’ch. took icr rife from mere acci¬ 
dent. 1 he obih action which the pipe met v> ith w hen the 
patient’s raotkci r 1 tempted to give him the clyftcr, fug* 
gefted the method of piercing the bladder by the anus 5 and 
lam perfwaded, that the fame thought would have arifen, 
on a like occafion, in the mind of any thinking maiv 
And!beg you would believe, that] have no fmall fatisfacg, 
tion in finding it occurred to M. flurant, the ingenkaps- 
author of the paper on that fubject, in that publication^ 
from a circumftance, which, though not exactly fimilar* 
amounted nearly to the fame thing. This furgeon bay-- 
ing introduced his finger into the anus, to examine the, 
ftate of the bladder, in order to perform the puncture in 
perhueo, found it fo round and tumid, and fo much within 
the reach of his inftrument, that he thought he could 
perforate it with fafety in that place; and, from a little 
reflection on the ftruCture of the parts, was convinced of 
the expediency of operating in this manner, in preference 
to any other. 

Before I quit this fubjedt, I think it proper to acquaint 
you, that I have found a compofition of calomel and opium, 
in large dofes, the heft internal remedy for fuppreffions 
of urine,' in general; and that I have repeatedly feen this 
medicine Succeed after the ufual means have failed. I am 

convinced, 
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-convinced, from thefe trials, that the principal or fpecific 
efficacy is in the calomel-, as large dofes of opium alone, 
or joined with camphire, have proved unfuccefsfuL I 
am fo well fatisfied of the advantages of this pra&ice, 
that, if called early in the diforder, I dired ten grains of 
calomel with two grains of folid opium, made into a bolus 
with any conferve, to be taken immediately, and re¬ 
peated m Ax hours. I have feldom occafion to order a 
third dofe, the patient being generally relieved, by the 
fecond, if the firft has failed. I did not adminifter it in 
the cafe here related, becaufe the alarming lituation the 
patient was in when I came to him required the bladder 
to.be emptied without delay. 


XL. Oh 
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XL. Obfervations made during the late Frojl at North¬ 
hampton. By A. Fothergill, M. Z>. Communicated 
by William Henley, F. R. S. 


TO THE REV. DR. HORSLEY, SEC. R.\s/ \ , *’~j 


REV. SIR, 


r. June 27,rr^HE following letter, from * my’ leaf$e$ 
iv/6 ‘ 1 friend Dr. fothergill, contains, in my 

opinion, many very curious experiments and obferva¬ 
tions; and, though it was not intended for that purpofe, 
I cannot but think it well deferring the notice of the 
Royal Society. I have, therefore, sir, taken the firif op¬ 
portunity to put it into your hands. 


And am, 

Yours very lincerely, 

W. HENLY. 


4 H 
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Kcithampton, 

DEAR SIR, Mju 3. *770. 

A CCORDING to my promife, I now proceed to 
give you a fhort account of fomc obfervations and 
experiments concerning the late fevere froft. As fome 
of the phenomena appeared to me not a little furprizing, 

I minuted them down at the time they occurred. 

Jan. 27th, The great quantity of fnow which had 
continued falling almoft every clay for three weeks, had, 
for thefe live or fix days paft, rendered the roads im- 
pafiable; and the poll, both upwards and downwards, 
was flopped, the fnow being drifted from fix to ten feet 
deep or upwards. This morning the froft became 
fuddenly very fevere; the wind full Eaft, accompanied 
with fnow. The barometer flood at 29^. A thermo¬ 
meter, according to Fahrenheit’s fcalc, which hung in 
my parlour, where there was a good fire, flood at 33% 
that is, only i° above the freezing point. After it had 
been fufpended a quarter of an hour on the Chine fc pali- 
fades before the ftreet-door facing the South, it funk to 
20 0 , that is, is 0 below the freezing point. At five 
o’clock the fame evening, it fell to x 6°. At this time 
eggs in the market cracked in the womens bafkets, and 
appeared in a coagulated ftate, of the confidence of bees¬ 
wax. This evening was placed on my garden-wall, facing 
the Eaft, half an ounce of each of the following liquors in 
a cup; viz. lemon-juice, vinegar, and red port-wine. 

Jan. % 8th, This morning, at eight o’clock, the barome¬ 
ter flood at 30. The thermometer at 12 0 , that is, 20° 

below 
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below the point of freezing; wind Eafterly; the atmo- 
fphere clear and ferene, but piercing cold. The three 
liquors were reduced to a folid cake of ice. This night, 
about eleven, were placed on the fame wall the following 
liquors; viz. fpirit of Mindererus, volatile fpirit of Jal 
ammoniac of both kinds, mild and cauftic, dulcified fpirit 
of nitre, red port-wine, and French brandy. 

Jan. 29th, Barometer 29-^; thermometer at n°, that 
is, a 1 0 below freezing; the Eafterly wind exceflively keen 
and piercing. The roads which, at great labour and ex¬ 
pence, had juft been cut through for carriages to pafs, were 
again this morning, though no frefh fnow had fallen, com- 
pleatly drifted up. Thefe liquors alfo, to my great fur- 
prize, now Ihewed evident marks of freezing. They 
were fuffered to remain, and two more cups were placed 
near them, with highly re&ified fpirit of wine and vi¬ 
triolic ether. At a little diftance was placed, in a frigo- 
rific mixture, confifting of a combination of the vitriolic 
acid with fnow, about an ounce of crude quicklilver in 
a phial. 

Jan. 30th, The morning clear, but intenfely cold; 
wind S.E.; barometer 30--; thermometer funk to 9°', 
that is, 23® below the freezing point; a degree of cold 
which, I apprehend, has been but rarely experienced in 
this climate, being 3°^ below that of the remarkable 
froft in the y ear 17 3 9. On examining the liquors on the 
garden-wall I found, to my aftoniftiment, all of them, 
except the fpirit of wine and ether, perfu&ly congealed: 
the firft time 1 had ever feen thefe liquor- in a folidTorm. 

4 II 2 Eeing 



590 Dr. fothergill’s Obfervations , 8cc. 

Being defirous to fee the effect of a high degree of arti¬ 
ficial, added to the natural cold that now prevailed, the 
thermometer was immerfed into the frigorific mix¬ 
ture; but though it funk the quickfilvcr, in a few fe- 
conds, into the bulb of the thermometer, yet the refult 
was by no means adequate to that of the experiment of 
Profefior braun at Peterfburg: for although the quiok- 
filver in the thermometer, and that in the phial, con¬ 
tracted a film on the top, yet it remained quite fluid 
below. 

Jan. 31ft to Feb. ift, The barometer at 29 ; the ther¬ 
mometer only at 16 0 , that is, 17 0 below the point of 
congelation; the atmofphere ferene and pleafant. 

Feb. 2d, Wind S.; barometer 29^; a warm, milty 
morning, fucceeded by a pleafant, fpring-like d‘ay, 
ufhered in a very mild and agreeable thaw, the thermo¬ 
meter from 9 0 being got up to 40°; fo great was the 
change of temperature in fo fliort a fpace of time! And 
it feems worthy of obfervation, that the epidemic cold, 
which had prevailed univerfally during the preceding 
mild feafbn, fuddenly difappeared in the late intenfe 
froffc; but now began to re-appear, together with rheu¬ 
matic affections and other difeafes of the former period. 

I am, 8cc. 
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XLI. An Account of the Magnetlcal Machine contrived by 
the late Dr . Gowin Knight, F. R. S. and prefented to 
The Royal Society, by John Fothergill, M. D. F. R. S. 


ro THE PRESIDENT AND FELLOWS OF 

THE ROYAL SOCIETY. 


GENTLEMEN, 

r. June 27 jTT) Y being left executor to your late worthy 
l7?6, 13 member gowen knight, m. b. a very ex¬ 

traordinary magnetic machine of his contrivance, and 
which had coft him much labour and expence, came 
into my poffeffion. This, I thought, might not be un¬ 
worthy of a place in your repofitory; and I therefore, 
defire your acceptance of it, as a monument of Dr. 
knight’s very lingular abilities, and of my regard to th‘e 
purpofes of your inftitution. 

I mult, however, inform you, that this machine, which, 
by the annexed figure andits explanation, may be obferved 
to confiffc of two parts, is by no means fo ftrongly mag- 
netical as it was at the dodtor’s deceafe. Not long after 
this event, it was necefiary to remove this apparatus from 
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his apartments in the Britifh Mufeum. One of thefe parts 
was fixed up in your Mufeum, the other was left at the 
lodgings of one of your very ufeful, ingenious members, 
J. H. DE MAGELLAN, for the purpofe of fomc experiments, 
and alfo for impregnating ftrongly the needles of foa- 
compaffes. Here it was accidentally deftroyed by fire, 
and the parts it confifted of rendered almoft wholly ufe- 
Iefs. A new one has, however, been made, and impreg¬ 
nated with the magnetical power, by the ingenious gen¬ 
tleman abovementioned, according to the method of Dr. 
knight. It has acquired a conliderable degree of mag¬ 
netic force, by being placed in the polar line with the 
other part of this machine that was unhurt, and where 
in time it will, perhaps, acquire a confidcrablc degree of 
magnetic energy. 

I wifh it had been in my power to have given a minute 
and pertinent detail of my deceafed friend's difcoverics 
in this branch of knowledge. He acquainted me, it is 
true, at different times in conversation, of the progrefs he 
had made in thefe difcoverics; but, as 1 then thought he 
intended to leave behind him an exadt account of bis 
experiments and refearches and their re I ul t, I rather 
liftened to his relations as matters of inflrudive amufe- 
ment, not thinking it would ever be nocellar/ for any 
other perfon than himfelf to give the public an aaount 
of his labours. Indeed, there are many ufeful memorials 
of his, on this fubjedt, in your own collections, to which 
I muff refer the inquifitive reader. 1 fliall only mention 

fc me 
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fome circumftances, relative to this machine, which I do 
not know have been related either by himfelf or any 
other perfon. 

The firft thing, I believe, that engaged the dodor’s 
attention more particularly to magnetifm, was the acci¬ 
dent that befel a fhip’s compafs from lightning; and 
of which, I think, the doctor gave a very circumftantial 
account to the fociety. This affair led him to confider 
the ftrudure of the compafs more minutely. He pro¬ 
cured compafs-cards ready-armed, as it is called, from dif¬ 
ferent makers both at home and abroad. He found molt 
of the needles ftrangely erring from due polarity; fome 
being many points to the Weft, others as many to the 
Eaft, of the right pofition. Amongft them all there was 
only one, which to him feemed conftruded on a rational 
plan, and was of French make, procured from Marfeilles; 
but even this was not without very evident faults. 

To fix upon the proper form of a needle through which, 
the magnetic effluvia could pafs with the leaft interrup¬ 
tion, to give the needle fuch a degree of hardnefs as to re¬ 
tain the magnetic influx the longeft, and with the greateft. 
force, were material objects; and, I imagine, a view 
to have fuch a degree of magnetic power at his com¬ 
mand, as to force the magnetic virtue through the moft 
confolidated bars, was his firft inducement to try, whe¬ 
ther he could not colled fuch a magazine of magnetifm, 
as would be fufficient for every purpofe of this kind, 
and at the fame time exhibit fome new phenomena in 
c phyfics 
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phyfics yet undifcovered. With this view he planned 
and executed the machine, defcribed at the end of this 
relation. 

Hi$ firft attempt, however, was much fmaller; a few 
bars were laid in the due courfe of the magnetic flux, 
and impregnated by conftant attrition. To thefc other 
bars were added fucceffively, after they had been im¬ 
pregnated, both by the force he could give them by attri¬ 
tion, and what he could derive from the preceding ftock 
collected in the bars. To thefe he added ftill frefh bars, 
till he had formed the whole mafs as it is now prefented 
to you, and refting on wheels and pivots, in fuch manner 
as to be eafily manageable for the purpofe of impreg¬ 
nating the needles he was employed to fee* prepared, for 
the lervice of government, and others, who had genc- 
rofity enough to think, that the compafs, on which de¬ 
pended the lives of the Ihip’s crew, could not be made 
too perfect, and that it deferved a reafonablc compenfa- 
tion. It is to the doctor’s ingenuity and indefatigable 
attention to this ufeful inftrument, that it has acquired 
amongft us a degree of perfection unknown to our pre- 
djeceffors. , 

When the machine was compleated, he ftill was 
adding continually to its power. lie impregnated every 
lingle bar of which it is compofcd, by repeated attritions, 
and applied it to the remaining bars in their magnetic 
pofition. After this operation, he always found its effi¬ 
cacy, for afeafon, considerably diminifhed; for the effiu- 
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via of each bar, though imwcafed in v. ‘Tie, feemednot 
immediately to have acquire J a communicationwith each 
other. Hrv ever, it grew always more powerful after 
end’ of thefe operations; and it is more than probable, 
if a per foil could be found, who, with equal patience 
and ikill, would, at proper diitances, repeat the fame 
procefs, that the prefent machine would acquire a degree 
of force fuperior to what the original ever pofTeffed, for 
much depends upon time and a due pofition. If to thefe 
was added a frefli impregnation of each fingle bar, by the 
means hitherto made ufe of, you would probably pofiefs a 
larger fund of magnetic power, than exifts in any artifi¬ 
cial magnet now in being. 

But if this cannot be obtained, if an able perfon cannot 
be prevailed upon to renew its vigour in this manner, it 
might pofiibly afford the curious fome fatisfaftion, to 
know, whether, in its prefent ftate, it lofes any force, or 


acquires frefh virtue; to know 7 , with fome degree of pre- 
cifion, how much weight it will now fufpend; and to 
obferve annually its variation. I need not fuggeit, that 
a trial of this nature demands no fmall attention. Even 


the morion of a carriage in the ftreet, though at fuoh a 
diftance as the focicty’s apartments, will make a confi¬ 


de table variation. 

I do not know, that the do&or left behind him any de- 
fcriptkni of a compofition he had made to form artificial 
load+ftancs, I have feen in his poffcfiion, and me ay otber^f 
his friends have likewife feen, fuch a compofnion; which 
Vol. LXVI. 41 retained 
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retained the magnetic virtue in a manner much more 
fixed, than either any real load-done or any magnetic bar, 
however well tempered. In the natural ones he could 
change the poles in an inftant, lb likewiie in the hard* *1 
bars; but in the compofition the poles were immo\cable, 
lie lia 1 ibveial fmall pieces of this compofition, which 
had <u'o.ig magnetic powers. The largcii was about half 
an inch in bivadtli, very little longer than broad, ami 
near a quarter of an inch thick. It was not armed, but 
the ends were pow erfully magnetic; nor could the pok s 
be akc rod, though it v* as placed betw ccn two of his l.agcft 
bars, and they were very drongly impregnated. The 
mafs, was not very heavy, and had much the appearance 
of a piece of black lead, though not quite fo Alining. I 
believe he never divulged the compofition; but, I think, 
he once told me, the bafis of it was filings of iron, re¬ 
duced by long-continued attrition with water to a per- 
fe£tiy impalpable date, and then incorporated with fome 
pliant matter, to give it due confidence. Perhaps fome of 
his acquaintance may have been more fully informed of 
this circumftance; and it may be rendering great aid to 
future enquirers, to know every thing that can be col¬ 
lected relative to fo curious a fubjctft. 

Led the machine iti'elf fhould again be expofed to a 
like accident with that which dedroyed a part of it, I 
thought an exad reprefentation of it, and its foveral 
parts, might be the bed means of preferving it to future 
tunes, if inferted in the Tran factions of tlic Royal Society. 

£ x- 
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EXPLANATION OF THE PLATE. 


Ph Le vii. flxews the magazines according to the do&oi's 
laft diipcfition of them. The two being perfectly alike, 
therefore fig. 2. contains only the half of one of them. 
Each magazine confifts of 240 bars, diipofed in four 
lengths, marked 1. 2. 3. 4.; every length containing 
fixty bars, placed in fix collides or layers, in contact one 
on another; and ten in each courfe, placed fide by fide, 
in contad alfo. The bars being very nearly of a fize, 
the ends 1 ? thofe in one length are in contad with the 
correfponding ends of thofe in the adjacent lengths. 
The magnetical North-ends of thefe bars, in each maga¬ 
zine, are all direded one way towards n ; and the South- 
ends the contrary way toward s; thick plates of iron 
cover thefe ends n and s; the jundion of the ends of the 
bars fall under the brafs braces aa. 

As it has been found difficult, after the final harden¬ 
ing of thefe bars, to preferve among them a perfed 
equality in fize; therefore, the contad of their fider. arc 
perfeded by thin iron plates ?,b, flipped in between the 
braces a a and the jundion of the ends of Uc bars: and 
thefe plates be, being prcflcd by the Screws pal'dn4 
tlirough the fides of the braces aa, keep the ends of lice 
bars in as clofe contad as their figures \s ill pcimic; and, 
that the bars may be kept end to end in contad, u*l iron 
plate at the North-end in fig. J. and at the South-end ii- 


A T "> 
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fig. 2. is perforated with fixty holt*.*, one agaiufl the end 
of each bar, as fliewn at fig. 3. with a ferew fitted to 
each hole, as fliewn at fig. 4.: every ferew haring a 
fquare head as at fig. 5. may, by help of the key fig. 6 V 
be turned, and, by prefling againft the end of the bar in 
the fourth length, force it againft its abutting bar in the 
third length, and fo on till the bars, aid to end, are 
brought into contact and kept fb. The braces are in 
two pieces; the tides and bottom in one; anu the other 
piece forms the top a a, which is held clofe to the bars 
by the ferews pafling through it into the upright tides 
of the braces; and, to keep the braces at n and s fteadily 
in their places, the two long braces cc are affixed. 

As each of thefe magazines weighed about 500 lbs. 
it became necefiary to have them fo placed as to be con¬ 
veniently ufed. The dodor, therefore, by ferews fixed 
the braces, containing the bars, to a ftrong mahogany 
plank dd, about if inches thick; the ferews pafling 
through the plank entered the bottom parts of the braces 
a a. Againft the middle of the whole length, two ftrong 
brafs plates are well fixed to the fides of the plank; to 
thefe brafs plates are fixed two cylindrical gudgeons F, 
which projecting from the fides, like the trunnions of a 
cannon, lye in the fockets of the ftandard g, whereby 
the magazine eafily turns, as on an axis; and is fo well 
poized as to ftand in any inclination of the line ns ; and 
in this the equilibrium is affifted by the ftrong maho¬ 
gany femi-circular pieces lr, fixed in avertical pofition to 
K.i*. 2 the 
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the midcire. of) the under part:©® thefjlai&mhjOTiiwhic^i 
the magnetic apparatus refts.' The ftandards-Gmrdhxeefo 
to the fquare frame hh, and the whole fnppoited nh thee 
fo.nr trucks i b whereby - the- two. magazines \ are ' eafilyl 
brought end. to end,orfetat aeon Yemen t diftance, fo- asi 
to admit a bar K, to be placed betweeiy the.endsytG'. bed 
made magnetical. . m m v --'h:::: u-,- -:.i 
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XLIII. A Demonstration of Tzvo Theorems mentioned m 
Art. XXV. of the Philofophical Traniadtions for the 
Tear 1775. In a, Letter from Charles Hutton, KJf 
F. R. S. to the Rev. Dr. Horfley, Sec. R. S, 


TO THE REV. DR.. HORSLEY, SEC. R. S. 


REV. SIR, 


Woolwich Wancn, Royal Mil. AcaJ, 
April 17, 1776. 


r. June 27, following is a demonftration of the 

1?/ "‘ A two theorems mentioned in Art. XXV. 
©f the Philofophical Tranfa&ions for the year 1776. 
If you think them proper to be inferted in the next 
volume of Tranfadtions, be pleafed to communicate 
them to the Eoyal Society for that ptirpole, from, Etc. 
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THE DEMONSTRATION* 

Parallel to one fide, af, of the polygon arcdef* 
through all the angular points, draw bh, ci, dk, el,' 
fm. Then are the ieveral angles, which are made by 
theie parallels and the adjacent fides of the figure, re- 
fpedtively equal to the fums of all the exterior angles of 
the figure, from the beginning to the place of each 
angle; by the beginning is meant either extremity of 
the fide af. Thus the z_ nab = a, the z. obc = « + the 
z.icD~« + |6 + y, the z. kde = #■+ /3 + y — ^ (for her® ^ 
bejog without the figure, is fubtradted inftead of being 
‘ ^ added) 
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added), the l LFr - a + $ ~y- j + £; f^ c * Ail .his jo e\ i- 
dei,t from End. I. a>; tL c* ve Ip \ of being 
thoic, vhLh ?ie mcalnrcd b/ t 1 luilo ”1 o dcfcribed 
about ea( h angular point in die fi ire. 

I. If light lines, AH, Bt, OF, d rM, be ham from 
the angular points, peipendtcul ar cah to the parallel 
w hieh pades through the ne \t angular point, the fums of 
the perpendicular, drawn m conlr .ry directions, the one 
upn arils, and the other downwards, will be equal. And 
each perpendiculars ill be afourtu. in pioportionwith the 
radius, that iide of th - polygon w nich is adj acent both to the 
perpendicular and the parallel on which it falls, and the 
fine »i the lum of the external angles taken to that inilu- 
fively from which the perpendicular is draiyfi. Thu‘, 
AH + bi + dl = ck + em , andrad. fin. a = ab : AH; anil rad. 
fin. a ~= bc : bi, and in like manner of the icll. 
Take the value, therefore, of each perpendicular by 
thefe analogies, putting unity for the radius, bUael 
(tfwajfumof all that are drawn upwards from d 1 'um 
*41 ttihat s»re drawn downwards, and the tew un- 
tder,wpufiequal to o, is the firft equation; fW 

'Ah £ * (fof j l abh ci«); bi = b x f. SI (for 
»f. z. Icb = f. c iibc x f. of its fuppl. OBC or & + $)\>fn like 

th&ht&rt ck s= - e x {.x+fi + y; DLtsdx f.a + # + 

•Ei* i»- + ^ + Sec. the laft perpendicular 

,wia be ss 0, becaufe the fine of 360°* or of 

•g+jg+y~Jhf + ^ is^not hing. Hence ax Cg t + ^xf. 

»+ £ + g * f - * + 0 + y + rf*f.<*t£ + y ~J+„f *„*• 

«#|.+ r-^+€ = AH + Bl-CK + DL~EM= O f Which IS 

rob nrft equation. * ‘«> 1 pp 
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It. In like manner it appears, that the intercepted parts 
8H, ci, dk, el, fm, af, of the parallels before-mentioned, 
are equal to the feveral correfponding tides drawn into 
the colines of the fame Aims of the exterior angles (the ra¬ 
dius being 1.)5 andbecaufe bh-ci-dk~el+fm+af=o, 

'therefore a x cof. ot+b x cof. x+fi+cx cof. ct+/3+y+*/x cof. 

a+fi+y-f+ex cofii+jS+y-^+I+Zxcof:#+0+y-^+*+£ 
ifcOy which is the fecond theorem. Or, for the laffc term, 
f x cof.at + £4 y-£+s + <f, of this latter theorem^ foight 
he fubftituted its value / only. 

Vou LXVh 4 & , 





EXPERIMENTS 


MADE IN ORDER TO ASCERTAIN 


The Nature of fome Mineral Subftances; 


AND, IN PARTICULAR, • 

To fee how far tlie Acids of Sea-Salt and of Vitriol con¬ 
tribute to mineralize Metallic and other Subfbances. 


B Y PETER WOULFE, F. R. S. 

Who was nominated by the Prefident and Council to profecute Difco- 
veries in Naturat Hiftory, purfuant to the Will of the late henry 
baker, Efq. F. Ft. S. 
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EXPERIMENTS, &c. 


GrayVfnn, 
April 25,1776, 

R.juneao,rTpHE late HENRI baker, Efq. a worthy 
l776, X member of this honourable Society, full 
of laudable zeal for the advancement of natural know¬ 
ledge, has moft generoufly bequeathed the fum of one 
hundred pounds, for the ufe of this refpeaable body; the 
intereftof which he intended Ihould be annually applied 
for the benefit of fuch member whom the Council of 
this Society thought proper to nominate, for the talk 
of making difcoveries in natural hiftory. Thefe gentle¬ 
men have this year done me that honour, which I molt 
gratefully acknowledge; and in confequence of this ap¬ 
pointment, I have made experiments on a variety of mi¬ 
neral fubftances. 




bN. 



§q§ Mr. woulfe’s Experiments to afcertdin 

* * 

IN order to afcertain how far the method, I propofcd 
to purfue in the following experiments, was calculated 
for the purpofe of making a proper analyfis of the mi¬ 
nerals I here treat of; and particularly to difoover the 
exiftence of the acids of fait and vitriol in them; I 
thought it expedient to make fome artificial preparations, 
which I judged to be fimilar to the natural fubftances, 
and I fubmitted them to the fame trials, and in fimilar 
quantities; for as many of the minerals, which are the 
fubjefit of the prefent paper, are exceeding fcarce, I was 
under the neceffity of ufmg in thefe experiments final¬ 
ly, quantities of them, than I fhould otherwife have em- 

[ 1 With that intent, I diflolved half an ounce of re¬ 

fined filver in pure aqua forth , and made a luna rorttea, 
tjy,adding to it a folution of fea-falt in water; this Was 
^eli^dulcorated, dried firft in the air, and afterwards, 
with a firong heat, but not fo great as to melt it; the 
lum. cqrnaz, thus obtained, weigh five drams and one 
jybich i'J one-third more than the original' 
w^igjit. 1 ,1 muft here ohfervo, that I have hfed Troy-*' 

W?!ghi;s in alii thefe experiments* 1 

nffl lik e quantity of the fame filver, difiblved in ‘ 
,aqd» and precipitated with, a folution Of tartar* 
^ tyeated as at ;[>],) weighed five drams tmV 
twg^-^c^gf^ips. i lfidfi worthy of-obfemtiobi,) 

ijpi#e ,qfq of in the plate of/tammofi'efc > 

^ 4133 %^* 

L& 6 four 
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four grains; but if acid of fait, or a folution of lea-falt, 
be added to the wafhings of this precipitate, the remain¬ 
der of the filver is preciptated, and forms a luna cornea. 
This fhews, that there' is a difference between tartar of 
vitriol and fal polychrejl , notwithftanding what chemifts 
think to the contrary; and ifideed, upon trial, I found the 
fal polychrejl to contain a fmall portion of liver of fulphur. 
Silver dipped into a warm folution of this fait becomes 
inftantly black; thus the fal polychrejl may be readily dif- 
tinguifhed from tartar of vitriol, which does not tamifk 
filver. 

The precipitate of filver, by tartar of vitriol put on a 
red-hot iron, melts and grows liquid like luna cothett* 
-The precipitate of filver by fal polychrejl , treated in' the 
fame manner, does not grow fo liquid, but boils* up and 
at laft dries. 

[r] Half an ounce of lead, diffolved in aqua forth , and 
precipitated by a folution of tartar of vitriol, edulcorated 
and dried, weighed five drams and a half. 

[d\ The like quantity of lead, diffolved as at |V], pre¬ 
cipitated with a folution of fea-falt, edulcorated and dried,, 
weighed only half an ounce and eighteen grains. 
lution of tartar of vitriol, added to the wafhingso? till/ 
precipitate* caufed a fnefh precipitation, after 

edulcoration and exfkcatidn, weighed fortvMrfro gtains. 
Hence .we, fee, that lead united to acid ’df falrife folhble iri u 
v^terd^mthattiacdoUilt 1 fd Tmall' a qh&ntitf df prdd^ ^ 
piliatdwastfdatOified; ihu»ith#t:a!rtar of vitriol ^rfeci^t£rikg" 
its t wafhmgs/(fot th^acid of Vitriol does the%MeJ 

1 that 
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that lead has a greater affinity with this add than with 
that of fea-falt; it alfo fiiews, that this combination of 
lead with acid of vitriol is infoluble. That moft ex¬ 
cellent chemift Mr. margraf, in his experiments on the 
Bolognian pbojpborus, has jfhewn how the Bolognian 
iioneand other fuch fpars, as well as th tgypfa, are de- 
compofed by fixed alkalies; but, as it was ncceflary to 
employ an excefs of alkaly to decompofe them thoroughly, 
the quantity of neutral fait he thereby obtained could 
not he Accurately afeertained, on account of its mixture 
with the alkaly. I fo far availed myfelf of this learned 
chemift’s method; but contrived to remove that incon- 
veniency, in fuch a manner that the excefs of alkaly 
lira? ijeparated, and the neutral fait left pure. This con- 
fifts in faturating the fait with diftilled vinegar, evapo¬ 
rating the mixture flowly to drynefs, and diflblvirtg the 
J&jtiureticus, formed by the combination of tfre vinegar 
gpd; sjspefs of alkaly, in rectified fpirit of wine, for this 
ifolt is very foluble in it; whereas the combinations of the 
,of vitriol and of fea-falt, with either vegetable or 
marine alkaly, are na way foluble in this fpirit. 1 muft 
here obferve,that no fixed alkaly is quite free from nctu 
t tariil fait; but the pureft is that made with gopd tartan 
,Xwo drams of the alkaly, I made ufe^of for myexperi* 
wtained two grains of tartar of vitripl f f<j>i wfakh 
IpfwkiM allowancealljny exgsrfmetM;?*, Tjje.quan¬ 
tity |?e 

funned by tkfocao&Qd; and I fan take.upon ,nae,j)9 r? &y, 

b-jUi > f * i / < * 1 1 y that 
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that a Angle grain of neutral fait in an ounce of alkaly 
may be dilcovered by this procefs. 

EXPERIMENT I. 

Two drams of the horn fiver [a] were well ground in 
a gUils mortar, with an equal quantity of fixed alkaly of 
tartar, and diftilled w ater enough to make the mixture of 
a foft confluence; it was then taken out of the mortar, 
and deprived of its moifture in a china cup fixed in a 
fand heat. The mixture was then powdered and put 
into a common green ounce phial, and this into a cruci¬ 
ble, and furrounded with fand up to its neck. The cru¬ 
cible was fixed in a proper furnace, and a fire made round 
it, which was increafed by degrees until the phial became 
of a dull red colour, in which ftate it was kept for an 
hour. The crucible was then taken out of the fire, and, 
when quite cold, the phial was broken; Care was taken 
to feparate the matter from the broken'bits of glafs. 
This matter was of a fpungy texture, and would not 
powder, but flatted in the mortar, and then fhewed its fil- 
very appearance; it was, therefore, cut into thin fiices 
and digefted with four ounces of diftilled water; the fo¬ 
liation was poured off and filtered, and four ounces more 
of’the like water added to What remained undiffolved; 
this alfo, after digeftion, was poured off, filtered, and 
4 added to the firft folution. By this means the filver was 
deprived of alt itk Mile' part. The fohsrfcw Was evapo- 
ratM fr<&dy tb about one-half, add then f&tmraed with 
dlfttfled J Mtfegarj ‘tfift irist afterwards filtfefed, ‘‘gently 
1 Vol. JLXVI. 4 L evaporated 
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evaporated to drynefs, and freed from its fal diu> eticus by 
three lotions with re&ified fpirit of wine. The neutral fait 
here remaining was diflolved in a fmall portion of di Hilled 
Water, then filtered and put into a wine-glais, covered 
with filtering paper, to keep out the duft. In about three 
months it was quite dry, and confifted of fmall, flat, 
cubical cryftals of regenerated fea-falt, which altogether 
weighed fifty-five grains. 

EXPERIMENT II. 

Two drams of the precipitate of filver, by tartar of 
vitriol [£], treated as in the firft experiment, produced 
on,e dram and feven grains of brown tartar of vitriol. 

EXPERIMENT III. 

! 

Two drams of precipitate of lead, by tartar of vitriol 
[p\ treated as in the firft experiment, produced one dram 
and five grains of brown tartar of vitriol. 

' fl EXPERIMENT IV. 

Two drams of precipitate of lead, by fea-falt \d\ 
afforded one dram and one grain of cubical cryftals of 
regenerated fea-falt. 

u 

. lJt E X P E R I M E N T V. 

•ijrywo 1 drams of mercurius dutch, treated in the like 
iMntid#* produced thirty-eight 'grains of cubical Cryftals 
ofthdgtefited fea-falt.' ! * ♦» ** » 


:x!p fc- 
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EXPERIMENT VI. 

Two drams of turbith mineral (made by precipitating* 
a folution of quickfilver in acid of nitre by a folution of 
tartar of vitriol, well edulcorated and dried), treated as 
in the firtt experiment, produced thirty-fix grains of 
brow n tartar of vitriol. 

In the firit and fecond experiments, the diver regained 
its metallic form; in the third and fourth the lead \\ as 
reduced to the date of maflicot; and, in the fifth and 
fixth the quickfilver was totally diffipated. 

From the foregoing experiments it is clear, that com¬ 
binations of the adds of fea-falt and of 'vitriol with Jil- 
ver, lead, and quickfilver, are detompofed by thefe means; 
and alfo, that the quantity of neutral fait, which their 
acids form by combination with the alkalv,is afeertained. 
Having premifed thefe experiments on artificial fub- 
jftances, I now come to thofe made with natural ones, 
which arc the fubjed of the prefent paper. 

OF NATIVE HORN SILVER. 

4 

Horn fdver is found of various colours, viz. green, 
yellow, brown, purple, and alfo black. * When cryftal- 
lizcd, it forms period cubes; it readily melts when put 
upop a. receipt iron* but does not.fmokes it may* be. 
eafily cut with a knife, for it is fomCwhat;, malleable w 
muffc, however, except the black fort, which is brittle, 
and may be powdered. Some authors will have it, that 

4 L 2 this 
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this xpi»owlJs coihpofed of diver, fulpliur, tod arfcnic; 
fome, of diver fulphur, arfcnic, and dxed alkaly; 
others, of diver, alienic and add of fea-fa.lt; but MefiT. 
cronstead and le sage afiert, that it is compofcd of 
diver and acid of fait only. I know of no experiments 
that have been made public with a view to determine 
this affair, except thofe of M. le sage; but he and t 
differ widely in the refult of our experiments. 

EXPERIMENT VII. 

Two drams of brown, native horn diver, cut into very 
thin dices, tod well ground with the like quantity of 
dxed alkaly of tartar and a little water, treated as in the 
firft experiment, produced forty-three grains of neutral 
fait, compofed of flat cubic cry dais of regenerated fea- 
d§lr, intermixed with brown cryftals of tartar of vitriol; 
thrijaft did not appear to be above one-third of the firft. 
<L:The brown colour of the horn diver is owing to an 
ochre of iron; a thin dice of it, viewed through a mag¬ 
nifying glafs, looks in fome parts of a fmooth pearly 
colour, buft in others of a powdry brown one. 

The diver, which remained after this operation, hacl 
the fame texture and dlvery appearance as that of the 
firdj experiment. It was digefted with diddled vinegar, 
tkim filtered and evaporated to one^fourth, with adedgn 
ft} <h$ apate■ excels of* adds. A &efh. infufion of galls 
ffhxed.Wfi&iit f becomes of a’darfc purple* tokmr, which 
precipitates'* anindoBteftibk proof of the iron it contain^ 
rtoriil i Silver. 
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Silver, in its metallic -ftate, is nor folubfe in di ft] lied 
vinegar. 


EXPERIMENT VIII. 

t 

Two drams of the pearl-coloured horn ftIvc-r, treated 
with the like quantity of fixed alkaly as in the firft expo • 
riment, produced fifty-one grains of neutral lalt, com- 
pofed of flat cubic cryftals of regenerated lea-falt, with & 
mixture of brown cryftals of tartar of vitriol; tliis laft, 
in appearance, is about a fourth or more of the firft. 
The filver here remaining had the fame appearance as 
that of the firft experiment; it alfo gave marks of its 
containing iron, but not near fo great a quantity as tbit 
of .the feventh experiment. 

EXPERIMENT IX. 

The brittlenefs and colour of the black horn filver 
made me at firft doubt of its being ham filver; and I 
thought, that, if it contained any, it muft be mixed with 
feme other mineral fubftance. Volatile alkalies having the 
property of diflolving all combinations of filver with 
acids, I availed myfelf of that well-known property^ 
tliis occafion. I took, therefore, fcven drams of nftie black 
horn filver, and digefted it at three different'times with 
a large portion of volatile fpirit of hart’s-liorn; this fphit 
l preferred to that of fal mrnmiac^ as I Juiew it to be 
fliec frotmaaid of Ifaliti. /The three'fbhition® w^e,ma,xed} 
ftkefed* and ilowly eyapctfatedi to drynefi, and protend 
two drams, and <tw6 ferupfes. of '% darkfl^teicolodr^djhorri 

r filver. 
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filver. Forty-fix grains of artificial horn filver [a], dif- 
folved in fpirit of hart’s-horn, and dried in the fame How 
manner, increafed only two grains in weight, and was of 
the fame dark colour; owing, no doubt, to a fmall por¬ 
tion of volatile fpirit adhering to it. 

The two drams and two fcrupleo of horn lil ver, obtained 
by means of the fpirit of hart’s-horn, were w r ell mixed 
with an equal quantity of fait of tartar; and being treated 
as in the firft experiment, produced one dram and eleven 
grains of neutral fait, confiding of flat cubical cryftals ot 
regenerated fea-lalt, intermixed with brown cryftals ot 
tartar of vitriol, which laft appeared to be in lefs propor¬ 
tion than in the former experiments. The filver, alter 
this operation, had the fame fpongy, filvery appearance 
as in the former experiments. The undiflblycd part ot 
of the horn filver, which remained after its horn filver 
was extracted by the fpirit of hart’s-horn, retained its 
black colour. It was calcined in a crucible, and, during 
the calcination, a fulphureous fmell was obferved; the 
calcination was continued until this fmell ceafed. It had 
now an alh-colour, filvery appearance, and, during the 
operation, fliglitly caked together, which made me think 
it had yet fome horn filver; I therefore digefted it with 
more fpirit of harts-horn; and, having evaporated the 
folution flowly to drynefs, I obtained thirty-four grains 
ojf horn filver; the undiffolved part here remaining, 
being melfed with black flux, produced twp drams and a 
half of pure filver, fo that jblack horn ^filver is compoied 
of horn filver and fulphtirated filver. The folution of 

the 
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the three forts of horn filver in fpiril . 

were as colonrlefs as water; a proof they contain no 

copper. 

To give a proof of the exigence of the ad <3 of fait in 
the horn filver, I took four grains of the cubical a’) dais 
obtained in the feventh, eighth, and ninth experiments, 
and having put them into leparate wine-glades, poured 
a little oil of vitriol on each, which made them all boil up, 
effervelce, and fend forth copious fumes cf acid of fait, 
juft as the like quantity of fea-falt would have done. 

In order to give alfo a convincing proof, that the horn 
filver contained acid of vitriol, I availed my fell of M. 
margrak’s difeovery, who fays, that a lblulion of cal¬ 
careous earth in acid of nitre is precipitated by a folulion 
of tartaf of vitriol; for the acid of vitriol lbrlakes its 
alkaly to unite, and form a felenite with the calcareous 
earth. I therefore diflblved twelve grains of tartar of 
vitriol in diftilled water, and having filtered the folution, 

I added to it a fufficient quantity of a folution of chalk 
in acid of nitre, which cauled a precipitation; this pre¬ 
cipitate, being edulcorated and dried, weighed {even 
grains: this ferved as a comparative experiment. It is 
probable, from the fmall quantity of this precipitate,, that 
the whole of the tartar of vitriol was not decomposed. 
It {hews, however, that feven grains of this precipitate 
require twelve grains of tartar ot vitriol to their for¬ 
mation. ' . u , a 

The neutral fait of the feventh experiment, treated in t 
the like mkhnety produced eight grains of feler^te; tlijft 



6i8 Mr. woulfe’s Experiments to afcertain 
of the eighth, feven grains and a half; and that of the 
ninth ten grains. 

In cak ining the different fpedmens of born filverwith 
the alkalis in the foregoing experiments, I could perceive 
no mioke or fmell iiliic out of the phials. 1 lence I con- 
. hat the horn fil\ er contained no arfenic; and that 
none of it was dilfipated during the operation. 

From the foregoing experiments it appears, that tlic 
horn filvcr is compofed of lilver united to the acids of 
fait and of vitriol; and that this laft is nearly one-third 
pf thefe firft 

OF HORN MERCURY. 

I difeovered this mineral about four years ago, when I 
was collecting minerals at Obermofchel, in the Dutcliy 
of Deux Fonts. I have fince feen it in a fine collection 
abroad; but no one fufpe&ed what it was until 1 had 
made it known, for it was taken for an infignificant fpar. 
I have found this mineral of three colours; white, and 
of a fliining brightnefs; yellow, and alfo black; this laft 
owes its colour to a mixture of minute particles of live 
quickfilver. This fubftance cryftallizes in various forms; 
but the cryftallization is too fmall to be deferibed with¬ 
out the help of a microfcope. 

EXPERIMENT X. 

I took three drams of horn mercury, picked as dean 
as poffibie from the cinnabar and ftony matter to which 
it adhered, and treated it with two drams of fait of tartar 

as 
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, 4 * * " 

as in the 'firft experiment. The quantity of neutral fait 
here obtained was .only half a dram, and it was compofed 
of flat, cubical cryftals of regenerated fea-falt, intermixed 
with about an equal quantity of brown cryftals of tartar of 
vitriol. The quickiilver was all diflipated in the operation, 
as in the fifth experiment. Four grains of the cubic cry¬ 
ftals, mixed with 4 oil of vitriol, boiled up, and fent out 
copious fumes o f acid of fait. The remainder of the neu¬ 
tral fait was diflolved in diftilled water, and mixed with 
a lufficient quantity of a folution of chalk in acid ol 
nitre; the precipitate, here obtained, being edulcorated 
and dried, weighed eight grains and ahalf. Hence we may 
conclude, that this mineral is compoled of quickiilver 
united to a greater -proportion of add of vitriol, than of 
acid of fait. 

The horn-mercury ufed for this experiment was 
intermixed with minute globules of quickfilver, which 
coiild not well be feparated, to which the frnall produce 
of half a dram of neutral fait was owing; and, indeed, 
to obtain the three drams of horn-mercury employed 


for this experiment, it was neceflary to (leftroy leveral 
beaUjtifui ipedmens. 

The ingenious M. le sage, of the French Academy 
of Sciences, has publilhed many experiments to (hew, 
that the acid of fait contributes to mineralize a great 


variety qf rpineral fubftances; but I have tried a great 
numl)er^ori:li 6 m v wftkout obtaining an atom, either of 
aciu oF |ait,|or acid of vitriol. Among tliefe^r^xhe 
You LXVL 4 M Mowing, 


le ar^tne 
Following, 
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following, which, were fubmitted to the fame trials as in 
the fil'd experiment. 

White fpathofe iron ore from Bayreuth. 

Corniih and Bohemian tin grains. 

Mendip calamine. 

Semi-pellucid calamine, from Wales. 

Sooty kobalt, from Saxony. 

Somerfetfhire mangancfe; this is the only fort I ever 
faw which is mixed with calcareous fpar, and, on that 
account, effervefces with acids without help of heat. 

CeruJJa nativa> in lump, from Lorraine; I found this 
to confift of a calx of lead, mixed with an argillaceous 
earth* 

White, tranfparent, lump lead ore, from Somerfet- 
iliire. 

Cat’s-tooth white lead ore, from Ireland. 

^ White lead-ore, from Poulafent in Low Brittany. 

Black, whitifli lead ore, from Tfchoppan in Saxony, 

, .Qreen lead ore, from ditto. * 

v Gj$en, lead ore, from Freibourg in Brifcau. 

’ In, aJJf.thefe experiments the lead was converted to 
maflicot;, bnt h in the two laft, the market had a pale 
greenifh caft, owing to iron, and not to coppea?,: for if 
thefe green lead ores, after having been calcined with 
fixed alkaly and edulcorated, he digefted with acid of 
vi^^i^.phtfdn a greepiih ^ufiohLth^jhfWigtthen 
'dejjj:pf apid, iKNtft 
Pflftpd Pfilouf, 

1 \ , 1 * 1 * 
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Having now tried in my manner, without fuccefs, a 
great number of the minerals which M. le sage affirms 
to contain the acid of fait, it became alfo neceffary to try 
his method; and I chofe fuch fubftances as he fays are 
the moft replete with that article, 

experiment xt. 

White, fpathofe, iron ore from Bayreuth, tried in 
M. le sage’s manner. 

I put into a fmall glafs retort three ounces of this mi¬ 
neral powder, and poured on it an equal quantity of oil 
of vitriol. The retort was placed in a proper reverbera¬ 
tory furnace, and a quilled receiver luted to it; an ounce 
meafure of oil of tartar, per deliquium , was previoully 
put into the receiver, and ftiaken fo as to moiften all its 
internal parts: a very flow fire was made under the re¬ 
tort, fuch as caufed no moifture to rife; and this gentle 
degree of heat was continued for five hours. In a little 
time the upper part of the receiver was lined with long 
fpiculine cryftals; and, after the operation, the oil of 
tartar, Which was at the bottom of the receiver, was, for 
the moft part, cryftallized. '' * 

experiment xii> 

Somerfetfhire manganefe; treated in tlie like manner, 
product the faihe fpichhiie cryftals in the upper part bf 
thft receiver; and the oil of tartar was, in like manner, 
cryftallized. It was here neceffary, on account of the 

4 m % effervefcence 
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efiervefcencc of the mixture, to make ufe of a larger 
retort, and to let it Hand for twelve hours be foie any 
fire was made under it, in whit h time the fpuuline ay- 
itals appeared. 

l x v h r< i m l n t xnr. 

Somerfetfhiro white-lead ore, treated in like manner, 
fhewed the like appearances j' but here thcie was onl^ a 
very flight efterveicence. 

EXPERIMENT \IV. 

Cornifli tin-grains, treated in this manner, c aided no 
change in the oil of tartar; nor was there the leaii ap¬ 
pearance of cry Utilization in the receiver* 

experiment XV. 

White fpathofe iron ore, diftillcd per Jc with a ftrong 
fixe, fhewed the fame appearance of cr> flail izations in 
the oil of tartar and in the upper part of the receiver, as 
when (Milled with oil of vitriol; fee the eleventh expe¬ 
riment. 

I now faturated each of the cryftallizcd alkalies of the 
eleventh, twelfth, thirteenth, and fifteenth experiments', 
with dittilled vinegar, and having filtered them, they 
were flowly evaporated to drynofs, dfid diflblved with 
rectified fpirit of wine, as in the firfl: experiment, hut no 
neutral fait was left; from hence we may certainly con¬ 
clude, thatthefe minerals contained’neither acid of fait, 
nor acid of vitriol. The caufe of the cryftallizatiomof 
$ ' . the 
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the oil of tartar is owing to the phlogiftic fixed air 
of the the minerals; but of this I fhall treat more 
fully in another paper; and will now only add, that 
chalk, diililled per fc y with a ftrong fire, makes the oil of 
tartar in the receiver alfo cryftallize. I muft, however, 
own, that no cryftallization is obferved in the upper part 
of the receiver; nor was it to be expefted, on confidering 
the moifture which the chalk affords in diftillation. 

M. le sage fays, that the cryftallizations in the upper 
part of the receivers in his experiments were compofed 
of cubic cryftals; but in all mine they were fpiculine. 

By the foregoing experiments it appears, that filver 
and quickfilver are the only fubftances which are mine¬ 
ralized by the acid of fait, and that they are alfo com¬ 
bined with acid of vitriol. 

Though the remit of my experiments has been very- 
different from that of the fame fubftances examined by 
M. le sage, yet I have too high an opinion of him, and 
know him too well, to call his veracity in queftion. I am 
rather inclined to fufpe&that this difference may proceed,, 
from his having ufed oil of vitriol that contained acid of 
fait. Mr. holker, who prepares this acid in France, owned 
to me, that he had, in his firft tryals, mixed fea fait in 
the preparing of it, with a view to increafe its quantity. 
Might not M. le s /vgE have made his experiments with 
fuch an acid; and of confequence obtained acid of 
from tire fubftances he tried. 
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A. 

ACIDS of fea-falt and of vitriol, experiments to fee how far they contribute to 
mineralize metallic and other fubltauces, p. 605. See Mineral Suhjlances. 

Africa, an account of three journeys into the fouthern parts of, from the Cape Town, 
undertaken for the difeovery of new plants, towards the improvement of the .Royal 
botanical gardens at Kcw, p. 268. Firih journey, in December 1772, and January 
1773, p. *69—-276, Second journey, in September, Odiober, November, and De¬ 
cember, 1773, and January 1774, p. 276—301. Third journey, in September, Oc¬ 
tober, November, December, 1774, P- 3 QI — 3 * 7 * 

Africa , the fouthern part of foroe places in it, very fruitful, p. 270. 472. 278—281, 
383. 285. 291. 302. Travelling there laborious and fatiguing, p. 273. 277. 279, 
280, 281. 283. 289. 293. 303, 304. 307. 309. 313. 315, 316. 

Air, concerning its admiffion and ufe in the blood, p. 226—238. Common and nitrous 
air, eafy methods of meafuring the diminution of bulk, taking place upon the mixture 
of; together with experiments on platina, p. 257, Abbe Fontana’s method of mixing 
the nitrous with the common air, difccult in the experiment, p. 258. Inftrument 
contrived to obviate this difficulty, ibid. Defcription of it, p. 258, 259. Manner 
of ufing it, p. 259, 260. Other methods of determining the quantity of air di- 
miniflicd, p. 260—262. 

Albany Fort, in Hudfon's Bay, an account of the fuccefs of fome attempts to freeze 
quickfilver there, p. 174. See Zuicifslvtr. Obfervations there on tit dipping- 
needle, p. 179—181. 

4 N » Mttroft 
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jtlbitrofs , fea-birdi in Falkland iflands, an account of them, p* 106, 107* 

Aloe Dicbmvta, a new fpedes of aloe in the fouthern part of Africa, p. 509. Hot¬ 
tentots make quivers of it, to hold their anows, p. 310. Defciiption of it, ibiJ. 

Aloe Soa tor ha f gum aloes made from the ufe of, p. 287. 

Amber, after heating, becomes electrical with every little friction, p. y ry. 

Ancients, their opinions concerning refpiration, p.228, &c. 

Aaderftn, (Mr. William), his account of feme poilbnous fiih in the South Sea?, p. ^44. 
See Fi/h, 

Ammah, amphibious, an account of feme at Falkland Iflands, p. 102, 103. Animals 
in the fouthern part of Africa, p. 269, 270* 576—*278* 281* 283. 287*—*289* 294* 
297, 298. 304, 305. 310—312. 

Annuities, fliort and ealy theorems for finding, in all cafes, the difference between the 
values of, payable yeajjJy; and of the fame annuities payable half-yomly, quarterly, or 
monthly, p, 109. When they are paid half-yearly and quarterly, it adds to their value, 
ibid. Theorems and examples concerning annuities payable certainly or conditi¬ 
onally, p. 109—128. 

Antelopes in the fouthern part of Africa, p. 269, 270. 281. 283. 287. 

Arfemc , gives an opaque vvhitenefi to glafs, p. 3*364 

Afitonunder Line , an enumeration of its inhabitants in the year 177#, p. *64. 

Afthmatic Jhs, violent ones occafioned by the effluvia of ipecacoanha, p. 168. How 
the patient was affe$ed, p . 168. x 70. 172. Proofs that the fits were produced by the 
effluvia of ipecacoanha, p. 169, 1704 The fits continued fourteen days, p. 170, 171* 
Remarkon theie efFe&s of ipecacoanha, p. 172, 173. bame effects from the effluvia 
of ipecacoanha upon another perfon, p. 173. 

Agronomical Obfir<vatkns made in the Auftrian Netherlands, in the years 1 772 and 1773, 
p. 19$. Jnftrwnenti ufed, and elements employed in the calculations, p. x8*> 
183. Correfpondtng altitude of the fun and liars, p. 184. Emerfion of %'s firtt 
fatellite, p. 183—187. 189. 192, 193. 195. Emerfion of fecond fatelliee p. 188. 
xg 9% Etlipfe of the moon, at Luxembourg, p. 190* Emerfion of ty’s thud &td* 
lite, p. *91. 

Aimtfpherc, an extraordinary ele&ricity of the, obferved at Iflington in the month of 
October 1775, p. 407. See Elefiridtj. 

Auhrt (Mr. Alexander), his new method of finding time by equal altitudes, p* 92* 
See Time* 

Auftrlkn Hit 6 erlands, aftronoraical obfemtions made there in the year* 1772 and 1773, 
p. lb. See Agronomical Qbfervatim* 

1 »i* r B* < 

J$ahr (Henry) j Efy. its bequeft for making diffcoV^rfed in natural hiftbry, p. 607. 

Barhr (Thomas), Efq* extract of his regtfter Of the barometer# themohietcr, and rain# 
at Lyndon, in&a&fnd, fof the year 1775, p. 370* Set 'Lyndon* His experiment 
a* partfegfrelh-wa^f front ^It^frecain^ p* 37'j, 374 * 


Ammeter 
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a****, ““ fa fcta. 

350. Al ^‘^^J^g'^Jbaronfctei belonging to the Royal Society, p. 3S1 — 

y T T ’ V/Z deoreffion of quickfdver in the barometer, p. 38?. State of the ba- 
3 g 4 . Of the depreffion otqmu ,88-eoo. What winds accom- 

heights, p. 364^ , a virions concerning their having been prodaced 

XZ Swtol^of'o vitU. rendered Hold by the of volc.no., p. 

539—54 2 - 

Baih-ftont, rain penetrates through, p. 4+4* .. a 

P- J 94> 2 9S* Extraordinary 
£u rflightning «" the white h.ir of berth., » 494-498- S~ f- =~ 

itHu «»***“ * r»“»«h» ta . *■ «* 450. 

.do.blep.ir of, e.perimentswith 

lun»! of .dog in motion, p. 4>«. 4*7- Defa.pt,» of then, f. 4*4. 4*J- 

*• - ~* '• *• ~~ 

ftill found in it, ibid. , , R 

^7*“ ! ^WontoW effeft of one among the green reeds near . 

B f rg B-ivier, 2 7 8 * numerous from generation to generation, p. 167. 

in ihc r “ ,m - 

the aw, P‘ S 7 8 - See The blood wonderfully formed to imbibe, 

Shod, obfcrvatjonsonit. ufe, p. u■ , • Ae phlogiflon with which 

and part with, phlogrilon, P* 7 ' when congealed,, and out of the body, 

has the fame power of »«»“g *T . weU a5 imparting phlogifton to air, 
Aifo . power of B ki» ? P«‘*»"*“ ^ “J* in 'be long., p.,^ S . 
P- * 4 *. * 43 - 14 1 - 200 *, , cnflderable quality of pMogifon, g- *+?> : 9 - b ‘ ■ 

The mod florid blood contains See Rtffiraiw^ ^ , 

fa „»0, on the ».«<~ »*» ■ . i . . ■ 

Btxkland, in the fouthem part ot Boetbaavt, 
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B erhaave, his opinion concerning air in the blood, p. 23d. 

Binti Bock, a fine fpicies of antelope in the foutlicrn part of Africa, p. 217. 
Bougainville, fold a fettlement to the crown of Spain, which he had formed iu Falkland 
Ulnrids, p. 99. 

Bxhy, in Kent, births more numerous there from generation to generation, p. 167. 
Brtetd, nude by the Hottentots of the pith of a palm, p. 292. 

Bifol, ex Craft of a meteorological journal kept there, for the ycafiyyf, p. 567. 

See Meteoi ological Journal. An earthquake tncjc in tne yorr 1 77f, p. jbb, 

Bnth, portable, very fomceable in preventing the feurvy in a /hip’s company, p. 

4 ^ 3 - 

Bvjf.doet, numbers of them in the fouthern part of Africa, p. 289. 293. 296. Their 
Zleih good eating, p. 296. The larged /hare of true lemains of bu/Faloes where 
found, p, 528. 

Bif.n (Mr.), an error in his account of the weight of heated iron, p. $ 7 S— 577 - 
Bullock, an acconnt of a very extraordinary efieft of lightning on one, at Swauborow, in 
the pariih of Iford, near Lewes, in Suffl-x, p. 493. See Lightning. 


>'C,ifrs, Hottedtots, dreaded as murderers and thieves, p. 29?. 

Calomel stnd Opium, the bed internal remedy for fuppreffions of urine, p. 585, $86. 
Canaan's Land, in the fouthern part of Africa, fome account of it, p. 289, 

Candle, proccfs in its burning, p. 507, 508. 

Cage'toivn, an account of three journies from thence intb the fouthern parts.of Africa, 
p, 268. See Africa. 

Carrol'in eXtraordindfy trad of land in the fouthern part of Africa, fome account of 
it, p, 287, 288. 307—305 316. Great want of frclh water there, p. 307, 308. 
31ft. 

Cariftui, 'f&'pjitsfed a vital fire kept up in the heart, p. 228, 

C/iJcadis, t Mllltdy Valley, in the fouthern part Of Africa, p, 275. 

Cajlle of It. Philtfs, cut out of the folid rock, p. 44.0. Some account of it, ibid, 
Cavallo , (Mr. Tiberius), his account of an extraordinary ele&rtcity of the atmofphere, 
obltuvcd at Ifiirgton in the month of Oftober, > 773 ) P- 4 0 7 - See EitiJricity. 
Cavtndijh, (the Hon. Henry), hit account of fome attempts to imitate the effect of 
the torpedo by eleflricity, p. 196. See EleUrhity. Hit account of she meteorolo* 
gidal fiiftrutnerfts ufed at the Royal Soitietf'?t' 4 i#ufe, p* 375. See Meteorological In- 
frit A ' ' ’ •***“ 

Ceratophyiths', tH'eir , 'fbi*miitiort atid'grbwth, p. «* &i < 

Children in the birth, Would remain dead, if air 1 Were not thrown into their lunge after 
the Iofs of that life which is peculiar to the feetur, ■ p. 416. > < * * , 

tiebwr, a dialeft of the Roman (h language, p, 129, 130. Itt origin, p, 143—145, 

‘Rt&j tntffjuige. 

Cigma 
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Cigma (Mr.), Us opinion concerning air in the blood, p, 833—536. 

C.rclr, a new and general method of finding fimple and quickly converging Aries j by 
which the proportion of the diameter of a circle to its circnmfeience may en'ily be 
computed to a great number of pLres of figures, p. 476 Excellence of this method 
in the fimplicity of the Aeries by which an aic is found fiom its tangent, p. 477. 

Clayton (Mr. William), liL account of Falkland lllands, p.99. Sec Falkland Ijlands. 

Qltanhnefs, and plenty of Arclh water, will prevent the feurvy amongll feamen, p, 

4 °?. 

Clouds, attrnfted by lofty mountains, p. 296. Elciftricr! experiments made on the 
clondu with a kite, p. 407—411. 

Compafs, the variation of the, containing 1719 obfeivations to, in, and from, The 
Eafl Indies, Guinea, Well Indies, and Mediterranean, with the latitudes and Ion- 
gitudes at the time of obfervation, p. 18. Letter from William Mountain?, Efq. 
concerning thefe obfervations, p. 18. &c. Dr. Halley’s recommendation of them, 
p. 21. When and where the obfervations were made, p. 23. Explanation of the 
tables, 23, 24. The number of compares ufed, and by whom managed, p. 24, 
The variation of the compafs to, in, and from, The Eaft Indies, on board the Lyon, 
in the years 1721, 1722, 1723, and 1724, p. 2j—£4. In a voyage to Guinea, Weil 
Indies, and back to England, in the Kinfale, in tbe years 172;, 1726, and 1727, 
p. £$—68. From Madeira to the Weft Indies, in the Lark, in the years 1727 and 
172?, p. 69. In going towards Lifbon from England, and in the Mediterranean, on 
board the Dreadnought, in the years 1730 and 1731, p, 70. In the Mediterranean, 
on board the He&or, in the years 1733, 1734, and 173£, p. 71, 72. 

Compafs , concerning the variation-compafs belonging to the Royal Society, p. 2S5— 
39{. Obfervations made with it, p.392) 393. 

Cook (Capt, James), his account of the method taken for preferving the health of the 
crew of his majefty’s. fliip the Refoiution, during his late voyage round the 
world, p. 405. See lltaltb. Extrafl of his letter, concctning the rob of lemons 
and oranges being furnifhed in fea-voynges, p. 406. Of opinion that fmouk and 
lire purify a fliip much better than vinegar, ibid. On /sides in the South Seas, p. 
447. See Tidtt, <* 

Copper, % difference in its weight when hot and cold, p. $ to. 

Corn, the manner of treading it out at Stellenbofch, in the Anthem part of Africa, 
p. 27 1. 

Crimping of ftlh, cutting them into pieces while alive, why praftifed, p. 41?. ». 

Gyfialtimthns , cm tlmfe, obfsrved on glafs, p. 530. DifFcrtpt cryftsllinatjipn^ in glafs ac¬ 
cording to the circumft&tices with which thiir concretions have been accompanied, 
p, 53 j—£39, This quality in glafs to crylUilwe favours the opinion that the gfeac 
native cry Hals* of bafahu have been produced by the cryftalluaiit/n ft vfyjspys lava, 
rendered fluid by the fire of volcanoes, p. £39—342. t , 

) » 

Ary/, 
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n. 


iD/tjt, f, 5 i and fro fly in London in each half-month, and in the whole year 1 , '*ott tnenc- 
j„ g Moich 1775,p. 3JS. Numbers of fnowy d ys in the fame jcar, and with what 
winds ctt<tided, ibid. i'rofly days in Briltnlin the year 1775 » P’ 

Death, inftuntancous, may be caufcd by tkdtricity, p. 4 1 j< Ihiee kimL of violent 
deaths, p. 415. 

De la La,tit, Abba, his map of the diredlion of Saldana Bay the only right one, 


p. 277. 

Vi Sain , Count, a 


biblc in the Romattih language prefen ted by him to the Royal Society, 


p. 129. 

Dejaguhers, his fuppofed error in applying received dcfirir.es of theory to practical 
mechanics, p.452—454- 454 ' »• 45^, 457 * 

Diffmg-ntedh belonging to the Royal Society, concerning it, p, 595-4.401. Obferva" 
tions made with it, p. 400. True dip at London, ibid. Lip at London in the 
years 1576, 1676, 1720, and 1725, p. 40j. Oblemtion, on the dipping-needle at 
Albany Fort, p. 179—181. 

Dog, experiments on, and with refpecl to keeping the heart mid lungs in motion by a 
pair of bellows, p. 416, 417. 

.Dogs, wild, do great damage to the cattle in the fouthern parts of Africa, p. 278* 
They deftroy the antelopes there, ibid. Dogs greatly difordered by eating of feme 
pcifonous fifh in the South Seas, p. 551. 552. 

iDonati, his obfervation on the Gorgcnia fretio/a, p. 9. 

Douglas, Mr. Robert, his 1719 obfervations on the variation of the compafs, to, in, and 
from, the Eaflt Indies, Guinea, Well Indies, and Meditenanean, with the latitudes 
and longitudes at the time of obfervation, p. 18. See Tahiti. 

IDraahnfhen, in the fouthern part of Africa, an account of, p. 070, 271. Moll kinds 
of fktropflm* fruit there, p. 270. 

Dre/s of the Hottentots, aajscoqnt of it, p. taf. 296, 

Drowned people, apparent? propofals for the recovery of, p. 411. Obfervations and 
experiments relative to the lofs and recovery of the a&ions of life, p. 412— 415. 
The lofs of the motions of life by drowning confidercd, p. 416*—418. A method of 
treating people who are apparently drowned recommended, p« 418—*424* ■Appa¬ 
ratus to be ufed for the recovery of perfons apparently drowned, p..4»4,425, 


& 

. 1 

&artkpsake, in Rrifiol, in the year 1775, p. 368, 

£oft Judies, 1719 obfervations on the variation of the compafs, to, ift, and from there, 
* Guinea, Weft Indies, and Mediterranean, with the latitudes and longitudes at the 
tape of obfervation, p, 18. See Tablet. 

. film 
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Elms Kloof, a nigged, narrow paffage, through a chain of mountains in the fouthem 
part of Africa, fome account of it, p. *8i, *82. 
j Ekihicity, may caufe abfolutc and inilantaneous death, p. 4.13. 

EUflncity, an account of fome attempts to imitate the eflcfls of the torpedo by it, p, 
196. An examination whether the phenomena of the torpedo are produced by elec* 
tricity, p, 196. Shock of the torpedo perceived when the fiili is held under water, 
no way inconfiftent with the fuppofition that they arc, p. 197. aoo* an, 213. Why 
the flwck of the torpedo has never been accompanied with any fpark or light, or 
with the lead degree of attrailion or repulfion, p. 200. 203, 204. 218. 224, 23;. 
Experiments fhewing the principle on which this depends, p. 200—204. Appara¬ 
tus to examine how far the phenomena of the torpe !o would agree with electricity, 
p.204. 210. 221. Experiments thereon, p. 205—225. Extraordinary electricity 
of the atmofpherc obferved at Iflington on the month of October, 177?, p. 407, 
An account of the quadrant electrometer, and other apparatus ufed with an elec¬ 
trical kite on this occafion, p, 407, 408, Kite railed about 310 feet for the experi¬ 
ment, p. 408. The eleCtrioity difeovered pofitive and pretty ftrong, ibid. 1 ha 
electricity incrcafed and dccreafcd by the pafling of a cloud, ibid. Coated phials 
charged from the ltring of the kite, and feverai Clocks given with them, Ibid. 
Extraordinary decrcafe and increafe of the elearicity on [the approach and paffiog 
of a large black cloud, p. 409—411. Kite pulled in on the approach of a 
larger and denfer cloud for fear of accidents, p. 411. Shocks received from the 
ltring in pulling in, ibid. No thunder or lightning perceived in the day, oof for 
fome few days before or after the experiments, ibid. Experiments and efofetvawons 
pn a new apparatus for exhibiting perpetual elearicity, p. 513—522, 

EltSrometcr, an accurate one, of what it confuted, p. 201, 203. Mr. Lane’s defbribed, 
p. 202. 

Elephants, fome in the fouthem part of Africa, p. 289. 295. The largefr&aoe of .true 
remains of elephants where found, p. 528. 

Ellis, Mr. John, on the nature of the Gorgonia j that it is a real marine animal, and 
not of a mixed nature between animal and vegetable, p. t. Sot Gorgonia, ' 
E]/tt Kraal, fgiall cottage in the fouthem part of Africa, a fmall fpeciosof antelope 

there, p, 269. 1 

England, an emanation of the Romance language introduced them, p. 

Home account of the weather in the fouth of England in the year <775, p. 573 * 

Erica tormented, a remarkable fpecies of fcekthr, in the fauthetft part of Africa,** 299. 
European, remarkable hiftory of one (a native of Swedilh Pomerania) refidiag in the 
fouthern part of Africa, p. 288. 

Experiments on Platioa, p. 262. See Platina. Experiments on ignited bodies, p, f«g 
— 5 «* 575 — 577 * Experiments with ah dtftrifcal kite, p. 4«po-4tAia*^kpflii- 
ments and obfervationi on a new apparatus for exhibiting pespetaalnileftrtoiiy, 
Ts,3-522. Experiments and obfiadt*. made dining *»*»«« - Ncr- 
Aampton, p. 587. See Iroft, Experiments made in oMe*»W-afcertaift the nature of 
” vou LXVI. 4 O km 
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feme mineral fubftancesj and, in particular, to fee hovf far the acids of fea fait and 
ofvitijol contribute to niiueializc metallic and other fubftances, p.603. See Mine- 
tji Subf antes. 


F. 

Fair and frolly days in London in each half month, and in the whole ycai, commencing 
Match 177?, p.358. 

Falk'and If and), an account of, p. 99. Where fituated, ibid. Defuiption of them, 
p. 99, too. Vegetable produ&ions there, p. too, tor. 105, 106. A fuipri/ing 
(pedes of vegetation, p. 105. What winds picv.iil thete, p. lot. 107. Wind ftotu 
E. tOvS. moll pernicious, blighting, and tempelluous, p. 101, ioj. An account of 
filh and amphibious animals, p. 102, 103. 'Jhe fox the only beaft there, p. 104. 
Account of birds, p, 104—107. Nature of the foil, p. 107. Difference of wea¬ 
ther, p. 107,108. Coalls abound with fpermaceti whales, p. 108. The iilands with 
innumerable feals and fea lions, ibid. 

Falfo Bay to Tyger Berg, a large fandy plain in the fouthern part of Africa, p. 269. 
Overgrown with an infinite variety of plants, ibid. 

Farr, Dr. Samuel, extradl of his meteorological journal for the year 1775, kept at 
Briilol, p. 367. See Meteorological Journal. 

Females and males, their number in different places, p. 161. Exceed the males, ibid. 

Fire and fmoke, purify a Ihip much better than vinegar, p. 404. 406. 

Fires in the night-time, frighten away wolves and tigers, p. 288. 

Fijh, poifonous, an account of fome in the South Seas, p. 344 * ofFrds of eating 
feme of them experienced in the crew of his majefty’s fhip the Rcfolution, 544. 346. 
)M<;thod of treating the diforder, p. 343. Some account of the filh, p. 346. How 
the perfons were affeaed, with the progrefs and continuance of the diforder, p. 346 
—S3i. Dogs who had eaten of the filh affeaed in a higher degree than the men, 
p* SS*i 332. Two hogs who had eaten of the offals died, p, 332. 

Fijb, transparent, an account of Iqme at Falkland iflnnds, p. 1 o*. Crimping of filh, cut« 
ting them into pieces while alive, why praaifed, p. 4 1 5. «. 

Fits, afthmatic, violent ones occafioned by the effluvia of ipecacoanha, p, 168. See 

. jtfihmath Fits. 

Flint, very fcarce in Siberia, p. 327. 

Ffrum, remarkably fine ones in the fouthern part of Africa, 283. 30a, 303. 

Ftmteya, Abbd» his method of mixing the nitrous with the common air, p. 237. 

Fordyce, Dr, George, on the light produced by inflammation, p, 304. See Light, 

Ftfils and p^ed fea-produdions, very fcarce in Siberia, p. 527, 

FotbergiU, Dr. A* J 4 » observations made during the late froft at Northampton,?, 387, 
See Fro/?. 

lyhergill, Dr, John, his account of the magnetics! machine contrived by the late Dr, 
p* 391, See Magntncal Machine, 

Fretifibt 
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Trnfche Hod; in the fouthern part of Africa, an account of it, p. i?u 
Freezing- Art experiment of parting frclh-water from fult-water by freezing* p 3 ? 5 » 
374. Remarks thereon, p. 374. 

r, eg (, abundance of them in the hot fcafon on the dry parched rock from St. Philip’s to 
Mahon, in the ifland of Minorca, p. 442. How bred, ibid. 

Pm/i, obfervntions made at Northampton, during the late, p. 5P7. Froft fudden and 
fever e, ibid. Lcmon»juice, vinegar, and red-port wine, expofed to the air in a cup, 
reduced to a folid cake of ice, p. 589. Spirit of Mindrerm, volatile fpirit of Jal .m- 
momae of borh kinds, dulcified fpirit of nitre, red-port wine, and French biandy be¬ 
ing placed in the air were all perfectly congealed, ibid. Crude Iquickftlver in a fri- 
gorific mixture of the vitriolic acid with fuow frozen, ibid. F.xperiment with the 
thermometer, to fee the effect ol" a high degree of artificial cold added to the natuial, 

P- ?90, , • , , . - 

Ptojl, great, in January 1776, with the date of the thermometer and wind during it, 

P 3 5 3 519 * 

Frojly and fair days in London in each half-month, and in the whole year, commencing 
March 1775, p. 358. Frofty days in Briflol in the year 1775, p. 368. 


G. 


Galen, fiippofed a vital fire kept up in the heart, p. 228. 

Gallic Romance, great affinity between it and the Romanfh of the Grlfons, p. 145—^ 
150. 

Game, plentiful in feme places of the fouthern part of Africa, p. 306. 317. 

Geeje, in Falkland Iflands, an account of them, p. 104. 

Glafs, fri&ion of glafs againft glafr, previoufly warmed, will make it eleflrical, p. 513, 
Glafs retains its clefilricity many hours, p. 515, Sec. On the cryftallizations ob- 
ferved on glafs, p. 530. See Cryjlallizaiiom. Glafs gets an opaque whitenefs from 
nrfenic, p. 536. 

Clonic, Mr. James, his propofitions felefted from a paper on the diviflon of right line*, 
furfaces, andfolids, p. 73. See Proy of lions, Problems, Theorems, 

Gold, native, found in a cryftallized form, p. 530, 8. n. Gold may be Cryftallteed by 
art, ibid. Gold lighter when hot than cold, p* 57 6, 

Gorgenia, on the nature of the, that it is a marine animal, and net of a mixed nature 
between animal and vegetable, p. 1. Known in Engliffi by the name of fea-faiU, 
fea-feathers, and fea-whips, ibid. Linnaeus and Pallas team to make their growth 
between animals and vegetables, p. 1, 3 . True animals, and in no part vegetable, 
p. a. Of the polype kind, ibid. How the nature of the polype and Gorgonia dif¬ 
fer in its formation, a, 3, Obfervationa on the nature and growth Of tlw Gfdr£onta, 
p. 3—17, 

Granite flow, an enormous one called Witte Klip near the Cape of &6bd Hope, p, 278. 

4O a [ ’ Griftls 
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G««r, William Efq. his account of a very extraordinary effea of lightning on a bul¬ 
lock, at Swanborow, in the parifli of Iford near Lewes, in Sufi'ex, p. 494—496. See 
Lightning. 

Greenwich, obfervations there, on the emerfion of It’s firft fatellite, p. 186, 187. 189. 
192, 193- 19S- Emerfion of H’s fecond fatellite, p. t88. Emerfion of l^’s third 
fatellite, p. 191. 

Gn/tms, an account of the language of the mount,linous parts of the, p. 129. From 
what this country derived its name, p. 240. See language. 

Guinea, 1719, obfervations on the variation of the compafs, to, in, and from thence, 
the Eaft Indies, Weft Indies, and Mediterranean, with the latitudes and longitudes at 
the time of obfervation, p. 18. See fables. 

Gum aloes, made from the leaves of Aloe Socotorina, p. 287. 

Gunaquai. Hotentots fo called, p. 296. 


H. 


Bair. Extraordinary effeas of lightning on the white hair of beafls, p. 493—498. 
500—502. Queries concerning the ftrength of dark-coloured hair, and that of a. 
white or light-colour, p, 499, 300. Conjeaures concerning the effeas of lightning 
on the parts of beafls covered with white hair, p. Joj, 503. 

Bale s, Dr. his opinions concerning air in the blood, p. 230—232* 

Bailer, his opinion concerning air in the blood, p, 232, 233. 

Bailey, Dr. his recommendation of Douglafs’s colleaion of obfervations on the varia¬ 
tion of the compafs, p. 21. 

Bantilton, Dr» Robert, his account of a fuppreffion of urine cured by 'a punaure made 
in Ad bladder through the anus, p. 378. See Urine. 

Bartiyuas Kloof, a pafs through a great chain of mountains in the fouthem part of 
Afftaa, p. 289. 

Btdtb, the method taken for preferving it in the crew of his majefty's ihip the Refolu- 
tion, during the late voyage round the world, p. 40s. Extraordinary attention given 
by the admiralty foe preferving the health of the feamen, ibid. Sweet-wort given in 
plenty to the feamen, p* 402, 403. One of the heft antifcorbutic fea-medicines, p. 
403. Sour krout given to the men, ibid. Highly antifcorbutic, ibid. Portable 
Prop broth boiled with vegetables very fervieeable> ibid. Rob of lemons and 
Ganges found uftfaf, ibid. Ship furniihed with fugar in the room of oil, and with 
wheat' Inftehd <of muck oatmeal; p* 404. Sugar a good antifcorbutic# ibid. Great 
care of die Wten in their labour, ibid. Their perfons, Stc. kept dean and dry, ibid- 
Ship kept dteswafiddry, ibid. Too great attention cannot be paid to clcanlinefs in 
the ftu'p among -the psdyle, pi 405. Ship’s coppers kept clean, ibkl. The fat boiled 
out of the fait beef and pork never given to the feamen, ibid, Frelh water taken-iu 
* it could bo pfacwfedi, ibid, Ptmtf eff W> water and eleanliftef* will" pee* 

■ tent a fhip’s company being much tfli&ed with the feurvy, ibid* Benefits arifing 
. froitt 
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firom the captain's care fotm became obvious, ibid. The voyage of three years an j 
eighteen days performed with the lofs of one man only by difeafe, and thice by ac* 
cident, p. 406. Extra& of a letter from capt. Cook concerning the rob of lemons 
and oranges being furnUhcd in fca*voyagcs, ibid. Smoak and fire purify a ihip much 
better than vinegar, ibid. 

Heart, opinion of the ancients concerning a vital fire in it, p. 228. 

Heart and lungs of a dog, kept in motion with a pair of double bellows, p. 416, 417. 
Heath) a remarkable fpecics of, in the fouthern part of Africa, p. 293. 

Heavy bodies* an experimental examination of the quantity and proportion of mechanic 
power neceffary to be employed in giving different degrees of velocity to, horn. a 
ftate of reft, p. 450. See Mechanic Power* 

Hemp mixed with tobacco, Hottentots fond of it, p. 390. 

Henly , Mr. William, his experiments and obfervations on a new apparatus, called a 
machine for exhibiting perpetual cle&ricity, p. Ji 3—522. 

Hewfin* Mr. his opinion concerning air in the blood, p. 236, 337* 

Hippocrates , his opinion concerning air, p. 228. 

Hippopotami , frequent the river Camtons, in the fouthern part of Africa, p* 293. 
Hippopotamus amphibiusy Hill to be found in the Berg Rivicr, in the fouthern part of Afri* 
ca, p, 278. Prohibited to ihoot any of them, ibid. Nearly deftroyed for their fled* 
and hides, p. 279, 292. Alrooft defiroyed in Zee-Koe Rivier, p. 291, Manner of 
catching them, p. 292. 

Hogs, killed by eating of feme poifonous flefh in the South Seas, p. $52. 

Horn ftlvtr , its quality, and of what competed, p. 613, 614. Experiments on it, p. 613 
**** -618. 

Horn nurewy, an account of it, p. 618. Experiments on it, p. 618, 619. 

Borfe, an account of one killed by lightning, p. 500. The parts covered with white- 
hair effefted in an extraordinary manner, p. 50:. 
lloijliy, Rev. Dr. his abridged ftate of the weather at London for one year, commenc¬ 
ing with the month of March 1775, collected from the meteorological journal of 
the Royal Society, p. 3 54, See ffeather, 

Hottentot Holland, in the fouthern part of Africa, an account of, 372, 273, 

Hottentot Kraal, a defer!ption of one, p. 275. A large one, p. 294. 

Homntntt, fond of tobacco mixed with hemp, p. 290. Their manner of catching the 
hippopotami** amphibia 1, p. 291. They make broad of the pith of a palm, ibid* 
They weave bafltets that will hold liquor, p. 294. Bold in encountering wild bcatls, 
p. 194,391;. Their method of attacking the lion, p. 39$. Their dref* dtfuibed, 
p. 295, 396. Hottentot* dreaded as murderers and thieves, p. 297. 299* 3 ! 4 - 
They nft the juice of Vergi/t boll to poifon their arrows, p. 277. They make 
quiver* to hold their arrows from a new fpecies of aloe, p. jto. 
ttudfin't J?4y, fuccefi of forae attempts ter freeze quickfilver there, p. 174* 

Hunter (John), Efq. hie propoftt* for the recovery of people ttflMtadntty drowned, p. 
412. See Dromtntd, *• 


Hutchln* 



[ 1 

Mins (Thomas), % his account of the fuccef, of ibne attempts to ?■«•» quick* 
iilver at Albany Fort, in Iludfous Kay, p. 174- See .'^iclfilvir. His oblen-uiions 
on the dipping-needle, p. 1 79— iSr. 

Htitun (Charles), Efq. his new and general method of finding fimple and <F"cldy- 
converging ieries; by which the piopoitimi of the diameter of a tiulo to itsdr- 
cumfercncc may eafily he computed to a great number f-m-s, |>^ lA S(, « 
Cnde. His demonftution of two tltcotems mentioned in Aukle hX\ f . of the 
Philofophical Tranfaflions for the year 177?, p. 600—605. 

Hyacinth, a lemaikable ohe in the fouthern p«rtof Afiica, p. ;oj, 

Hygrometer, belonging to the Royal Society, concerning it, i». 


’Ice from the fea, produces frefh water, p. 374 * 

Ignition, of the light produced by it, fee Light. Experiments on ignited bodies, p. 

• 509—514. S 75 — 577 - 

Inflammation, of the light produced by, p. 504. See Light. 

hgenhoufa (Dr, John), his eafy methods of meafuring the diminution of bull:, taking 
place Upon the mixture of common and nitrous airj together with experiments on 
plat in a, p. 457. See Air. Platina. 

J n firumtr.u, meteorological, an account of thofe ufod at the Royal Society’s houfe, p. 

375. See Meteorological Infirumemts. 

JnteJUnes, wounded, an extraordinary cure of, 426—458. 

Journal, meteorological, for the year 1775, and part of 1776, kept at the houfe of 
the Royal Society, p. 319, Sec. Sets Tables. An abridged ilate of the weather col- 
le&ed therefrom, p. 354 , & c - See Weather. 

Ipecacuanha, violent aithmatic fits occafiontd by the effluvia of, p, 168. 173. See A fib* 
fnaiic Fit* * 

iron, particles of foft iron give evident figns of two diftinfl poles, p. a66. Tron filings 
mixed with bees*wax, being touched with mngnetical ban, have the qualities of a 
magnet, p. 267. Granulated iron ore of Sweden a tolerable good magnet by being 
touched with the bars, ibid. Concerning an error in Mr, Buffon’s account of the 
weight of iron when heated, p. jog—51a. 5 75 —S 77 * 

Iron Ore, lately found in Siberia, an account of it, p. 513. An account of the place 
and circumftances in which this mafs of native iron was found, p, 5*4—526. 
jifakttal /fate of tfie iron, p. 5*6, 527. Obfervatione concerning this mafs of iron, 
p. 5 4 7, *528- 

Irm Wire, cofldufta eleftrical fluid 400 million times better than rain or diftilled water, 

p. 198. 

• m Biff oris, remarks concerning it, p. 4, 5, 

an extraordinary eteftricity of the atmofphere ebfernd there, in the month 
1 1775, p. 407. See 8/effr/c/jr* 

' ■ italjo 



C «♦« 3 

Italy, the Romance language introduced there, p, ijj. 

“Jupiter's faieiluts , emerfion of, at different places, p. 185—195, 


K. 


Kar tounu, one of the moft difficult paffages over the mountains in the fouthern parts of 
Africa, fomc account of it, p. 479, 2 ®°* 

Ktir (James, Efq..}, on the cryftallizations obferved on glafs, p. 530. See Cryjlallixa- 
lions . 

Kite, apparatus ufed in ekttrical experiments with the clouds, p. 407. 411. 

Kock (Jacob), an old German in the fouth of Africa, fome account of him, p. 291. 
Knight (Dr. Gowin), an account of his magnetical machine, p. 591. See Magneticml 
Machine. Some account of his compofition for forming artificial load-ftones, p. 


595, 596- 

KeitrBeom, a new fpecies of aloe in the fouthern part of Africa, p. 309. Hottentots 
make quivers of it to hold their arrows, p. 310. Defcription of it, ibid. 

Koud Beebe Veld, a country in the fouthern part of Africa, fome account of it, p. 


282. 

Kraal, or Hottentot village, defcription of one, p. 275. A large one, p. 29+. Each. 
Kraal has its captain or chief, p. 296. 


t. 

Bad:a, a dialeft of the Romanfh language, p. 129, 130. Its origin, p. J43—l+jJ. 
See Language. 

Let lletje , obfervations there on the emerfion of lf’s third Satellite, p. 191. Emerfion 
of !(.’s iirtl fatellite, p. 192, 193. Emerfion of %’t fecond fatellite, p. 192. The 
latitude of Lalieefe, p. 191. 

Lambert (Mr. James), his account of a very extraordinary effeft of lightning on a bul¬ 
lock, at Swanborow, in the parifh of Iford near Lewes, in Suffcx, p. 493. See* 
Lightning. 

Land, an extraordinary trail of, in the fouthern part of Africa, p. 287, *88. 

Land-moll, an animal in the fouthern part of Africa, fome account of it, p.304, 305. 

lunge Kloof, 0 valley in the fouthern part of Africa, p. 49a Defcription of the* 
houfe* there, ibid. 

Language, Romanfh, an account of it, p. 149, Spoken in the mountainous parts of 
the Grifons, ibid, Confifls of two main dialeits called Ladtitmi Clalever, p. 1*9 
130, What events may have affe&ed this language, p. 130—141. No confiderable* 
alteration in it from extraneous mixtures of modern languages, p. 141. "the iden¬ 
tical langusge that was fpoken two hundred years sgo, 14a. Origin of the Cadaver 
and ladies diale&s, p. 143—145* Great affinity between this language and the 
Gallic Romance, p. 145—150. An emanation of the Romance introduced into, 

England*. 
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England, p. ip-i $*• Into Scotland, p. 15*. Into Italy, ibid. Into Naples 
and Sicily, p. 153- Into Spain, ibid. Remark thereon, p. The Romance 
introduced in Palatine ardother part? of the Levant, p. Ml, 15?- P,imitIvu ll * ltc 

of the Romance fuppofed Hill to c\ilt in Lveul other remote and unfiejuu.tcd pans, 

n. i ?J *. Oath of Lewi? the Germanic, in Ladin, Gallic Romance, French, Roinatdh 
called Ladin, and Remanih of both dialofls, p. 156,157. Firlt paragiaph of the laws 
of William the Conqueror, in Latin, French, anti Romunfli of both dialedta, p. 

tjS, 159. . 

la-va, vitieous, rendered fluid by the fire of volcanos, obfemtions concerning the 

great native cryllals of baf&ltes being pioduced thcrefiom, p 3 JO 54 ”■ 

Lemons and oranges, the rob of, ufeful in pieventing the fourty in a flap’s company, 

p. 403. 406. 

Le Sage (M.), the refult of his experiments on mineral fublbnces very different fiom 
Mr. Woulfe’s on the fame fubftances, p, 619—6.23. 

Levant, parts of the, Romance language introduced there, p. 154, 155. 

Lewis the Germanic, his oath, in Latin, Gallic Romance, French and Romanfh, p. 


IJ>6, *S 7 ' 

Lifey obfemtions and experiments relative to tlie loft and recovery of the actions of* 
p. 412—415. Lofs of the motions of life by drowning, confide red, p, 416— 
418. 

L'giu of that produced by inflammation, p. Bodies heated to a certain degree, 

become luminous, ibid. The light of different colours as the heat increafes, ibid. 
The intenfenefs of the light depends upon the denlity of the heattd body, ibid. 
Colour of the ignited matter affefls the colour of the light, p. 504, 50$. Light 
produced by the decompoJition of bodies in inflammation totally independent of heat 
and of a blue colour, p. 50^—508. Phofphorus of urine produces light with very 
little beat, 50$, 506, Sulphur will burn and give light, without heat fuflicicnt for 
jg*t}tfcta#fp. jofS. Procefs in the burning of a candle, p, 507, 508. Procefo of pow¬ 
dering phofphorus, p. 508. 

lightning, tm adctfUntef a very extraordinary effeft of it, on a bullock, at Swanborow, 
in the parilh of Iford near Lewes, in Suffer, p. 493. Bullock pyed, white and red, 
p, 493, 49;. Lightning fttipped off all the white hair from hi# back, leaving the 
red hair unhurt, p. 493. JDeftription of the beaft, 495, Particular account of the 
courfo and efleft of the lightning on his white hair without injuring the red* p. 495—" 
498. Other inftances of the like nature, p. 494. 498. $oo—50s, Bullock became 
fbrd^jjt (die injured parts, and threw out putrid matter in pwflnlea, p. 498. Queries 
concerning the ftrength of dark-coloured h<ur, and that of a white or light colour, 
P» 499> tSdnjeftures concerning the foregoing particulars, p. 503, £03. 

Lin/ufus, feema to make the growth of the Gorgonia between animal and vegetable, 

• ^1. ’ * 

-^^Kottent°t , i method of attacking him, p. s<)|. 


Liens, 
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Lions, fome in the fouthernpart of Africa, p. 293. 296. 305. 313. 316. Theylmk 
near the water, to feize on animals that come to drink, p, 308. 

Liquors, fpirituous, expofed to the air during the late froft, perfeSly frozen, p. 589, 

S 9 °' 

Lifter, his opinion concerning air in the blood, p. 2191 

Laad-Jionts, fome account of a compofition for forming artificial ones, p. 593, 396. 

Loggerhead, a fpecies of ducks in Falkland Iflands, adefeription of them, p. 104. 

London , an abudged flate of the weather there for one year, commencing with March 
1779, collected from the meteorological journalof the Royal Society, p. 354.. See 
Weather . 

Lory, a fpecies of parrot, in the fouthern part of Africa, p. 294. 

Lungs, their ufe, p. 227—237. Lungs and heart of a dog kept in motion with a pair 
of double bellows, p. 416, 417. 

Luxembourg , Rue St. Efprit, its latitude, p. 186. Obfervations there on the emerfioa 
of It’s firffi fatellite, p. 186, 187.189, Emerfion of %’s fecond fatellite, p. 188. 
Eclipfe of the moon there, p. 190. 

Lyndon, in Rutland, extract of a regifter of the barometer, thermometer, and rain, 
kept there, for the year 1773, p. 370. State of the barometer for the year, ibid. 
Of the thermometer within and without, ibid. Quantity of rain, ibid. Compa¬ 
rative view of what rain came in the yeais 1740, 41, 42, and 43, and the year* 
1772, 73, 74, and 73, p. 371. The proportion that the mean months bear to the 
whole } ears atfeveral periods, with rcfpect to rain, ibid. General Hate of the 
weather there during the year 1773, p. 371— 373- 


M. 

Maclride (Capt.), where he began the fettlemcnt on Falkland Iflands, p. 99, 100. 

Maclaurin, hia fuppoftd error in applying received do&rine* of theory to pra&ical 
mechanic*, p. 4 f+* 4 S 6 > 4 S 7 * 

Magnet teal machine, an account of one contrived by the late Dr. Gowin Knight, p. 
391. Machine prefented to the Royal Society, ibid. A part of it deftioyed by 
fire, and a new one made, p. 39*. Circumftances relative to the Do&or’a planning 
and executing this machine, p, 393—593. Remark concerning an impiovement in 
it, p. 393. Explanation of the repreftntation of the machine, p. 597—599. 

Mahon in the ifland of Minorca, fiom thence to St. Philip's is one continued rock 
for two miles, p. 441,442. It abounds with frogs in the hot ftafone, though dty 
and parched, p. 44*. See Frogs, 

Males and females, their number in difletent places, p. : 5 i. Left, than females, 
ibid. 

Mahme Tftemds (Falkland Iflands), where fituated, with an account of them, p, pg— 
ic8. Sec Falkland djlands . 

Malfhtgm, his opinion concerning ah in the blood, p. *29. 

Vol. LXYI* 4 P 


Mivtcheftet , 
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Manchofior, fupplement to obfcrvations on the population of it, p. 160. Males to fe¬ 
males baptized 13 to 12, ibid. Comparative view of the numbers of males and 
females in different places, p. 161. Females exceed the number of males, ibid. 
Comparative view of the number of widowers and widows in diffeicnt places, p. 
162. Widows are almoft double the number of widoweis, ibid. An enumeration 
of the inhabitants of the town and parilh of Alhton under Line, in 3775, p. 164. 
An enumeration of the inhabitants of Tattenhall, in 1774 * P 1 Chriltcniogs 

and burials there, ibid. An enumeration of the inhabitants of W.iveiton, in 1 7 / 4 > 
p. 166. Chiiftenings and burials there, ibid. Inhabitants multiply with great ra¬ 
pidity, 165—167. 

Majfon (Mr. Francis), his account of three journies from the Cape Town into the 
fouthein parts of Africa; undertaken for the difeovery of new plants, towards the 
improvement of the royal botanical gardens at Kew, p. 268. See Africa. 

Mechanic Power, an experimental examination of the quantity and proportion of, ne- 
ceffary to be employed in giving cJifTcrent degrees of velocity to heavy bodies from 
a date of reft, p. 450, Sir Ifaac Newton’s definition of it, ibid. The truth or 
propriety of his definition difputed, ibid. From equal impelling powets, rifling for 
equal intervals of time, equal inercafes of velocity are acquired by given bodies, 
when unrefiOed by a medium, 450, 451. Rematks thereon, p.451,452. Artifts 
and approved writers liable to errors in applying received doflrines to practical me¬ 
chanics, p. 452—458, Definition of the term Mechanical Power, p. 458,459. De- 
feription of the machine ufed to determine what proportion or quantity of me¬ 
chanical power is expended in giving the fame body different degrees of velocity, 
p. — 462. Experiments therewith, p. 463. Definition of the terms Impulfe or 

Impulfion, Impulfive Force or Power, Impelling Force or Power, p. 464. Obfcrva- 
* tions and deduflions from the preceding experiments, p. 465—475. 

Medicines, the befl, aotifcorbutic ones for fea-voyages, p. 402—404. 

Medite rranean, 1719 obfemtions on the variation of the contpafs, to, in, and from 
there, the Eaft Indies, Guinea, and Weft Indies, with the latitudes and longitudes 
at&ieihdjof obfervation, p. 18. See Tables. 

Mtffier (Mr.jt Oxtnffl of his letter, deferibing a belt on the dife of Saturn, p. 543. 
Metals, conduft eleflrical fluid better than the human body, p. 198. A difference 
in the weight of metals when hot and cold, p. 509—512. 

Meteorological Injlrumev.ts, an account of thofe ufed at the Royal Society's lwufe, p. 375. 
Of ttye thermometers, with refiections concerning fame precautions msec fiery to be 
dfed in making experiments with thofe inftrumenis, and in adjufting their fixed 
points, p. ’375—381. OF the barometer, rain gage, wind, and hygrometer, p. 
381;—384, Of the variation compafs, p. 385—395. Of the dipping needle, p. 
395—4or. 

Meteorological journal for the yew 1775, and part of 1776, kept at the houfe of the 
Itoyal Society, p. 319, &c. See Tables, An abridged Rate of the weather col- 

‘k&ed therefrom, p. 354, Sec. 

< 

* * 4 


Meteorological 
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Meltertthgital journal for the year 1 77 5 * k^pt at Briftol, p. 367* State of the baro- 
uvaeer during the year, ibid, Afi abridged table of the winds for the year, p. 
36S. Rain, ibid. Froily days, ibid. Earthquake, ibid. Weather there for the 
year, p. 368, 369, 

Mtlk 9 the only animal fluid (except fernm), through which the air can aft upon blood, 
p, 246. 

Mineral Sub fiances, experiments made in order to afeertain the nature of fomc; and, 
in particular, to fee how far the acids of fca-falt and of vitriol, contribute to mine¬ 
ralize metallic and other fuWhncts, p. 60$. Aitiflcial preparations for the pur- 
pofe of making a proper analylis of the minerals, and to difcover the exigence of 
the adds of fait and vitriol in them, 60S——6x i. Experiments thereon, 611—613* 
Experiments on natural fubliances, 613—623. Experiments on Mineral fubltance* 
which have neither acid of fait nor acid of vitriol in them, p. 620—623. 

Miners extraft of Mr. Alexander Stoall’s letter from thence, p. 439. Some account 
of tb*> ifland of St. Rhilip in the ifland of Minorca, ibid. 1 he new and old 
town of St. Philip built in a very dry iltuation, on a folid rock, p. 439, 440. 
Caftleof St Philip cut out of the folid rock, p.440. SomO account of it, ibid* 
Enquiry into the caufes of tertians, fo much dreaded in that ifland, p. 440—445* 
Two or three whole families have died in confequence of putrid moifture, p. 445* 
Medicine tried with fuccefs in the tertian , p, 446. 

Motjlure , putrid, fatal confluences from, in the ifland of Minorca, p. 440—*446. 

Mom, cclipfe of the, at Luxembourg, p. 190. Influence of the moon on the weather* 
table for trial of, p.361. Enquiry concerning it, p. 363. 

Meftart's Hock, a dangerous pafs in the fouthern part of Africa, p. 283, 284. 

Mountain* (Mr. William), his letter concerning Mr. Douglass 17x9 obfervationi om 
the variation of the compafs, p. 18—20. t 

Mountains , a number of, in the fouthern part of Africa, p* 269—274. 279—285* 
287.289, 290, ajr. 299. 303. 312,313.3*6, 317. Lofty mountains attraft the 
clouds, 1*96. A large mafs of native iron diicovered in the Siberian mountainsi 
p. 324, &c» Great plenty of iron ores in thofe parts, p. 524—526. Some ac¬ 
count of the Uralliatt mountains, p. 528. 


Nairn (Mr.), hia experiments on water obtained from the melted ice of Tea-water, 
to afeertain whether it be freih or not; and to determine its fp^ific gravity with 
reijwsft to other water,- and to find the degree of cold in which fea-water begins to 
freeze, p. 249. See Sea+*wattr. , * 

Namur, Rue 8t. Nicholas, its latitude, p. x8j. Observations there on the emerfion 
of %'t firft fatellite, ibid. ' 1 

Nafltt, the Romance language introduced there, p. i $ j . < 

Nmrd blfitry, bereft of Heniy Baker, 1 % for making difcdveries in, p. 607. 

p a Nttdit* 
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Nu£e, Dipping-needle belonging to the Royal Society, concerning it, p. 395—401. 
Obfervations made with it, p. 400. True dip at London, ibid. Dip at London 
in the years 1576.1676. 1720. and 1723, p. 401. 

Nitre, its eftedt upon blood, p* 229. 237* 

Northampton, obfervations made theic duiing the late froft, p. 587. See Frojl. 

Nourjh (Mr. Charles), his extraordinaiy cure of wounded intcilinu, <129—438. 


O. 


Oakt, Englilh, at Stellenbofch in the fouthern part of Africa, p. 272. 

Oath of Lewis the Germanic, in Latin, Gallic Romance, French, and Roman ftr. 


p. 156, 157. 

Ohjtrvations made during the late froft at Northampton, p. 587. See frojl. 

Opium and calomel, the beft internal remedy for fuppreflions of urine, p. 585, 586. 
Oranges and lemons, the rob of, ufeful in preventing the feurvy in a flap's company, 


p. 403.426. 

On, iron, lately found in Siberia, an account of it, p. 523. See Iren On, 

Great plenty of iron ores in that country, p. 524—526. 

OJlendt, Rue £e la Pofte, its latitude, p, 194. Obfervations there on the cmerfion of 
54's firft fatellite, p, 195. 


P. 


Palejhgt, and other parts of the Levant, Romance language introduced there, p. 154 r 

Pallas (Dr. Petr. Simon), his account of the iron ore lately found in Siberia, p. 523. 
See Iron On, 

Pallas (Dr.), feems to make the growth of the Gorgonia between animal and vege¬ 
table, p. 1. 3. 6. xo. His extraordinary obfervation on the growth of the Gor¬ 
gonia, p, ta. Hft 1 miftake itt his Jtrtularia gorgonia, p. 12, 13. 

Palm, defcription of a new one in the fouthern part of Mica, p. *92, Hottentot# 
make bread of its pith, ibid. 

Paris, obfervations there on the dmcifion of lb’s firft fatellite, p. 185—187.189, 19*, 
X93. 195. Emerfion of %’s fecond fatellite, p. 188. Emeifion of %’s third fit- 
tellite, p. 193. 

Penguins, amphibious animals at Falkland Iflanda, an account of them, p. 103. 

Parrivallps, Thoalas), his fupplement to obfervations on the population of Man* 
chefter, p. 160. See Manebeflfr. 

Pent, in the fouthern part of Africa, an account of, p. 270, 

Pent Berg, a bill in tie feuthem part of Africa, p. *70. Defcription of two largp 
folid rocks thereon, p. a)o, 271, 


tktfktr* 
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Phfphom of urine, produces light with very little heat, p. $OJ, $06. Procefs of 
powdering phofphorus, p. 508. 

Phyfiologifts, ancient and modern, their opinions concerning the ufe of refpiration, pn 
328—23?. 

Pigott (Nathanael), Efq. his aftronomical obfervations made in the Auftrian Nether¬ 
lands, in the years 1772 and 1773, p. 182. See Jjiranomical Oh/ervations. 

Plant* (Mr. Jofeph), his account of the Romanlh language, p. 129. See Language* 
Plants, an infinite variety of, in the fouthern parts of Africa, p. 269. 273. 276—279, 
284—286. 288—290. 292, 293. 296, 298. 300. 302, 303, 306. 309. 3x1, 312. 317. 
Platina, experiments on, p. 262. All the particles of the platina attrafted by the 
magnet, 262, 263. Three kinds of particles of the platina, ibid. Gold particle# 
of the platina by heat run into round balls, have the appearance and quality of gold# 
p. 263. True ihining platina not to be melted by fire, ibid. Fufible by eleftrkal 
fire, 264, 265,. Eleftrical fire increafes its magnetical virtue, pw 265, 266. Pla¬ 
tina mixed with lead lofes its magnetical virtue, p. 266. 

Polygamy, a brutal praflice, p. 162, 163. 

Polype, its growth till it acquires a branched appearance, relembling a vegetable, p. aw 
Population, fupplement to obfervations on that of Manchefter, p. x6o. See Manchefter. 

Population declining in this kingdom, p. 166, 167. 

Power, mechanical, an experimental examination of the quantity and proportion of, 
neceffary to be employed in giving different degrees of velocity to heavy bodies from 
a ftatc of reft, p. 450. See Mechanical Power. 

Prhe (Rev. Dr.), his fhort and eafy theorems for finding, in all cafes, the difference 
between the values of annuities payable yearly, and of the fame annuities payable 
half-yearly, quarterly, and momently, p. 109. See Annuities. 

Prieftlty (Rev. Dr.), his obfervations on refpiration, and the ufe of the blood, p. 2261 
See Refpimion* 

ProSllms, mathematicall 

To multiply the fquare of a given finite right line by any number, p. 79—81. 

To find a right line, the fquare on which Ihall be equal to the fquare «m a 
given right line, divided by any number, p. 81. 

To cut off from a given right line a part expreffed by any odd number, p. 8*, 

83. 

To cut off from a given right line a part espreffed by any even number, p, 84, 

85 . 

Proportions felefted from a paper on the division of right lines, furfaces# and felids, 
p. 73. I. If from the angles at the bafe of any right-lined triangle, right line* be 
drawn to- the alternate angles of rhomhi, deferibed upon the oppofite fides, 
and applied reciprocally to the fides produced; and from the vertex, through the 
interfe&ion of thefts lines, aright line be drawn to meet the f bafej the fcgments’' 
of the bafe, made thereby, will have to each other the duplicate proportion of the- 
fide*, p. 73—76, II, Let there beany two right lines given. There is an angle 

which 
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whkhmay be mode •'by theft lines; fuch that if, from their extremities which do. 
not meet, right lines be drawn to the alternate angles of rhomht defcnbeA on 
them, and reciprocally applied to them when produced} and from the faid angle 
through the interft&ion of theft lines, a right hnc be drawn to meet the right lme 
joining the faid extremities ; the legmen ts of this line made thereby, fliall be 
refpeftively equal to the adjacent fegments of the given lines, p, 76-78. III. To 
multiply the fquare of a given finite right line by any number, p. 75 8 jr- 
£nd a right line, the fquare on which ihall be equal to the fquare on a given right 
line, divided by any number, p. 81. V. To cut off from a given right line a put 
expreffed by any odd number, p. 82, 83. VI. To cut off from a given right line 
a part expreffed by any even number, p. 84, 85. VII. If from the angles at the 
bafe of any right lined triangle, right lints be drawn to the alternate angles of 
rhwibi deferibed on the other two fides, and reciprocally applied to them produced, 
and through the interiefilion of theft lines, a right Jine be drawn from the vertex to 
the bafe; the re&angle contained by the fines of the angles at the extremities of 
One of the fides, will be equal to the re&angk contained by the fines of the angles 
at the extremities of the other; and the parallelepiped contained by the fines of 
the angles of one of thofe triangles, into which the original one is divided 
by the faid line drawn from the vertex, will be equal to the paralleloptped contained 
fcy the fines of the angles of the other, p. 85, 86. VIII. If from the angles at 
the bypotenuft of any right-angled right-lined triangle, right lines be drawn to 
she alternate angles of fquares deferibed on the fides containing the right angle, and 
from the point where the right line drawn from the right angle, thiough their 
interfeaion, meets the hypotenufe, right lines be drawn to the points, where thefe 
lines meet the fides j the lines fo drawn will make equal angles with the hypo- 
«equ&» and the right line drawn from the right angle to meet it; and will lihewife 
have to each other the proportion of* the fidesxontaining the right angle, p, 86— 
89. DC. If from the angles of the baft of anyYtght jlined triangle, right lines be 
4rk«« to the alternate angled of rhomboids deferibed on the other two fides, and 
reciprocally>appfted to them produced, a right line drawn from the vertex through 
the interfe&ion of thefe lines will cut the bafe into two parts, having to each 
other the^proporaen compounded of the proportion of the fides, and of the pro¬ 
portion of the other two lines comprehending the rhomboids, p, 89—91. 




Quadrant tle3r«mf«r, an account of one ufed with other apparatus, in experiments with 
an eldSrital kite, P..407, 408. 

4>»f ckjtlvtr, erode, in*a frigorific mixture of the vitriolic acid with fnow, frozen during 


the late froft, p. 589. An account of the fuocefs of fome attempts to freeze Quick- 
filver at Albany Fort, in Hndfon’s Bay* p,1*74; 'The thermometer at *8* bfclearo, 
'fa&fS- Ad experiment made on it and a fpare tube with fnow and J}. nltfi fkmam 
QuicWthrer fobfidedto.tj^ Ibid. To 26^ bjt another tftktnre cd 
•'t* the 
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the fame, ibid. By 2 third mixture of the fame to 430 9 , and that in a fpue tube, 
which admitted only of 250° below o, funk into the bulb, p. 173,176. Quickfilver 
fiozen, p. 176. A fecond attempt, the mixture having a greater degree of cold in it, 

and the thermometer at 28° below o, p. x 7 7- Q^kfilver “ a f P are tub f wbkh * d ' 
mittcd only of 200° below o fubfided into the bulb, and in the Handard thermoter 
to 437 0 , ibid. Placed in a fecond and thiid mixture of the fame, but the bulb of 
inihument being cracked, the quickfilver by degrees reached the point of boiling 
water, ibid. Remarks on the freezing of quickfilver, p. 177, 178. iver an 
quickfilver the only fubdances which are mineralized by the acid of fait, combined 
with acid of vitriol, p, 

R. 

J lain, obfervations on the quantity which fell in London during one year, commencing 
with March 1735, p. 355. More than two thirds of the rain of the whole year given 
by the S. W. wind, p. 359. Quantities of rain which fell feverally with each wind 
in every month and in the whole year, p. 360. A general view of the rain in the 

months of January and February i 77S . 3 * 5 - A g BDeraI ftate of the ra f for ) tWCl . VC 
months, beginning with March 1775, ibid. Quarterly, half-yearly, and year a raw,, 
p. 366—What quantity of rain fell at Briftol in the year 177 5 , P- 368.—At Lyndon r 
in Rutland, p. 370. Comparative view of what came in the years 1740,41, 42, and. 
43 , and in the years 1772, 7 3* 74* and 7S . p. 371- The P ro P° nion *at die mean 
Months bear to the whole years at feveral periods there, with refptft to ram, ibid. 
Jtaitt-gogti belonging to the Royal Society, concerning it, p. 385* 

Jiee Buck, a fort of antelope, in the fouthern part of Africa, p. 270. 

RmU, weaved by the Hottentots intobafleets that will hold liquor, p. 294. 

Rijolution, one of his maj city’s (hips, method taken for preferring the health of the crew, 
during her late voyage round the world, p. 402. See Health. An account of fome 
of t hem being difordered by eating fife of a poifonous nature, p. £44—552, 
Be/pirettien, obfervations on, and the ufe of the blood, p. 226, Breathing air which has 
been frequently refptred, as fatal as a total deprivation of air, p 226, 230. *33, 
Refpiration a phlogijhe procefs, p. aa6, aa 7 . 238. Ufe of the lungs, p. 227-237- 
Opinions of the ancients and moderns concerning the ufe of refpiration, p. 3*8—*3 7, 
The right ufe oi relpiration has never been fb much as uonjedlured, p, 237* 
Rbimmfet, the largeft lhare of true remains of, where found, p, Js8. 
liitbtcks Cajhel, a mountain in the fouthern part of Africa, fome account of it, p, 

303 * 

Bight linn, furfiwes, and folids, proportions felefied from a paper on the divhfionof, 
p, 73, .See Pnft/ttfont. 

JReh, See lmm% ond Oranges* 

JRobhfen. (Bryan), bis opinion concerning air in die blood, p. 329, 

Beds in .the fewhflKt pett^sf. Africa, p. a 7 o, s 7 i. 475. An mfiwte number 0 ragt- 

menu of rocks there, p, ajtj. a8i, a8a. 289. 309* at®* U 3 * 
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Roebuck (Dr. John), his experiments on ignited bodies, p. 509—Jii. 

Rogge Feld, in the fouthem part of Africa, fome account of, p. 313, 314. Of its 
ancient inhabitants, p. 314, 31$- 

Romance, why fabulous nanatives are diftinguiflied by that name, p. 135. 

Romance language, an emanation of it introduced into England, p. 130—152. Into 
Scotland, p. 152. Into Italy, ibid. Into Naples and Sicily, p. 153. Into Spain, 
ibid. Into Paleftine and other parts of the Levant, p, 154,155. Primitive Hate of 
it fuppofed ftill to cxift in feveral other remote and unfrequented parts, p. 155. 

Romanjh language, an account of it, p. 129. See Language. 

Rood Land, in the fouthem part of Africa, fome account of it, p. 285. 

Royal Society, a meteorological journal kept at thur houfe, for the year 1775* and 
partof 1776, p. 319, &c. See Tablet. An abiidged ftate of the weather colletttd 
therefrom, p. 354, &c. See Weather. An account of the meteorological inftruments 
afed there, p. 375. See Meteorological Infirmenu. 


S. 


Saldana Bay, in the fouthern part ?f Africa, an account of it, p. a?7< _ A wrong di- 
reaionof this bay in all the maps, except the Abbe dc la Caille’s, ibid* 

Salt-gem, an account of one in the fouthern partof Africa, p. 297. 

Salt-water, an experiment of parting frefo therefrom by freezing, p. 373, 274. Re- 


marks thereon, p. 374. 

Saturn, a belt on the dife of, deferibed, p. 543. 

Scotland, the'&omance language introduced there, p. 1 5 a. 

Scott (Dr. William), his account of violent afthmatic fits, occafioned by the effluvia 
of rpeCtK^Wiha, p. 168. See Afibnettk Fite. 

Sammy, method «f preventing it in a Clip’s company, p. 402—406. 
ice from the, produce* freih water, p. 374 * 

Stmty/dHf johe fbund in the Berg Rivier, in the fouthern part of Africa, p. 27S. 
IMibif£» Shoot any of them, ibid. Nearly defiroyed for their flefo and hides, 


ph 279* t * 

^tlfng-wax, Friaion of fealing-wax againft fealing wax, previoufiy warmed, will make 
it etefttfcal, p.#ji5. * 

Sea-lms, abnndance of .them in Falkland Iflands, p. 108. 

Seeds, abuSwUnae of them in Falkland Iflands, ibid. 

Eea-mdicinet, the bell aptifcorbutic ones, p, 404—404. 

Stamm, featMOtdiiiary attention given fonpreferviog their health, p. 40^-406. 

Sea-fielt, faturated folution of, conduits clerical fluid 7*0 tint** better then rain-fweter, 
p. 198. Acids of faufalt and of vitriol, experiments to ft* how far they edturifoute 
to mineralize metallic and other flbfiances, p» 603. See Mineral Snhjlctqegsj ’, 
dfl&wfiMr, conduds »Ie«riealA#. tpo, time* better era. 

‘WW*** oa water dbtftbfci 4 tm the Malted % «C WdWWh*JP 
' * , * whether 
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whether it be fielli or not; and to determine it, fpecific gravity with rofpcci: to other 
water} and to find the degree of cold in which lea-water begins to freeze, p. ->.19. 
Water taken, up off the North Foielttnd, p. 250. Water fiosen, ibid. DiliblveJ 
and perfeftly ficc from any tafte of fnlt, ibid. Its gravity with iefpe£t to other 
waters, p. ?<;», Degree of cold in which fea-water begins to ireeze, p, 251—254. 
An account'of the phenomena exhibited in the freezing, p. 2 <[4—256. 

Senores, obfemtions there, on the cmtrfion of %'s fccond fatellite, p, 188. Emcriion 
of It’s fitft fatellite, 192. 

Sheep, near Olyfant’s Rivicr in the fouthern part of Africa, feed entiiely on flitubs 
and fucculent plants, p, 307. With fuchfood, they inquire but little water, ibid. 
Their flelh has an excellent flavour, ibid. 

Ship, cleanliaefs in a Ihip, with plenty of frelh water, will prevent the feurvy, ■- 405. 
Showers, fudden and heavy ones in the fouthern part of Africa, p. 308. 

Siberia, an account of the hOn ore lately found there, p. 523. See 1>on Ore. Great 
plenty of iron ores in that country, p. 524.—526. Foffils and petrified fea pio- 
du&ions very fcarce there, p. 527. Flint fcarce there, ibid. 

Sicily, the Romance language introduced there, p. 153. 

Si Ivor, heavier when cold than, when hot, p. 512. Silver and qulckfilver the only 
fubflances which are mineralized by the acid Of fait, combined with acid of vitriol, 
p. 623. 

Small (Mr. Alexander), extrafl of his letter from Minorca, p. 439. gee Minorca. 
Smtaton (Mr. John), his experimental examination of the quantity and proportion of 
mechanic power neceffary to be employed in giving different degrees of velocity 
to heavy bodies from a date of reft, p. 450. See Mechanic Power. 

Smoke and fire, purify a Ihip much better than vinegar, p. 404.406. 

Snow, number of fnowy days in London, and with what winds attended, in one year, 
commencing March 1775, p. 358. 

Snow, and Jp. mtri jfttmns Gtauieri, attempts to freeze quickfilver with, p. 174—177, 
See £>gic&Jhor. 

Soliils, right lines, and furfaces, proportions felcfted from a paper on the divifion of, 
p, 73, See Proportions, 

Soup, portable, very ferviceable in preventing the feurvy in a Hup’* company, p. 403. 
Saur-krout, a wholefome vegetable food, and highly antiscorbutic, Ibid. 

South Seas, of the tides in the, p. 447. See Tides. An account of feme poifonous fifh 
in the South Seas, p. 344. See F'Jh, 

Spain, the Romance language introduced there, p. r^. Crown of Spain purchafed 
a fenlement in Patkland lflanda from M. Bougainville, p. 95. 

' Sp.ni&l jftmsms Gimieri andfoow, attempts to freeze quickfilver with, p. i? 4 ““ I 77 * 
See Qakiftoet, 

String Both, ■ fp^cles of antelope, in the fouthern part of Africa, fome account of 
, them, p* a8i> a8j. 31a, ju, Extraordinary emigration^ them in dry feafons, p. 

**o> 3 *J' . . 

Vo*.. LXVI. 4 < 4 . 
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S Mn Socl, a fmall fpecies of antelope, in the fouthern part of Africa, p. 269. 

Stellenbofcb, in the fouthern part of Africa, an account of, p, 271, 272. Englifli 
oaks there, p. 272. Manner of treading out the corn thrne, ibid. Stellenbofch 
olountains, an account of them, p. 27 3 * 

Stevenfov, his opinion concerning air in the blood, p. 229. 

Starr (Rev. Brice), his enumeration of the inhabitants of Tntteuhall, p. ifij. 

Stone, Bath, rain penetrates through, p. 44 (* 

St. Philips, in the illand of Minorca, fome account of, p. 439. Built in a very dry 
fitnation, on a folid rock, p. 439 . 44 °* St. Philip’s to Mahon, one continued rock 
for two miles, p. 441, 442. It abounds with frogs in the hot fcafon, though 
dry and parched, p. 442. How bred, ibid. 

St. Philips, caftle of, cat out of the folid rock, p. 440. Some account of it, ibid. 

Sulftancts, ignited, experiments on, 509—>512. 575 577 * Metallic and other fub- 
ftances, experiments to fee how far the acids of fea-falt and of vitriol contribute 
to mineralize, p. 605. See Mineral Subjlances. 

Sugar, a goad anrifeorbatic, p. 404. 

Sulphur, will burn and give light, without heat fufficient for ignition, p. 506. 

Supplement to obfervations on the population of Manchcfter, p. 160. See Manchtfttr. 

Surfaces, folids, and right lines, proportions felefited from a paper on the divifion 
of, p. 73 * See Prepojttious. 

Swanhrws, in the parilh of Iford near Lewes, in Suffex, an account of a very ex¬ 
traordinary effeft of lightning on a bullock there, p. 493, See Lightning. 

S nut dtu the granulated iron ore of, being touched with magnetical bars, has the quali¬ 
ties of a magnet, p. 267. 

Sweet Milk Vdky, in the fouthern part of Africa, an account of woods and rocks there* 
p. 274, 275* Cafeades there, p. 375. Defcription of an, Hottentot Kraal there, 

ibid. 

SmU^aurt, one of the heft antifcorbutic fea-medieines, p.403. 


T. 


Tables. 

The variation of the compafs to, in, and from the Esft Indies, on board the Lyon, 
in the years 1721,1722, 1723. and 1724, p. 35—54* 

The variation of the compafs in a voyage to Guinea, Wed Indies, hack to England, 
oft hoard the Kinfale, in the years i 7 * 5 > * 7 l6 > * 7 * 7 * P* 55 "~ 68, 

The variation of the compafs from Madera to the Weft Indies, on board the Lark, 
in the year* *737, and 172$-, p, 69. 

The variation of the compafis in going towards Liibon from England, and in the 
Mediterranean, on board the Dreadnought,, in the years 1730 and 1731, p, 70, 
***■ (variation of the compafs in the Mediterranean, on board the Heftor, In fit* 
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Acorn- 
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A comparative view of the number of males and females in diffuent plates, p. 
i6r. 

A comparative view of the number of widowers and widows in different placet, 
162. 

An enumeration of the inhabitants of the town and patifli of Albion under Line* 
in 1773, p. 164, 

An enumeration of the inhabitants of Tattcnball, in wilh clmfleniugs and 

burials* p. 16;. 

An enumeration of the inhabitants of Waverton, in 1774, with chriflenings and 
burials, p. 166. 

Obfervations on the dipping-needle, at Albany Fort, longitude S3 0 30' weft, lati¬ 
tude 52° 24' north, p. 179—181. 

Aftronomical obfervations made in the Auflrian Netherlands: Corrcfponding alti¬ 
tudes of the fan and flars, p. 184. Emerfion of If’s firft fatcllite, p. 183;—187. 
189. 192, 193. 195. Emeifion of lt’s fecond fatellite, p. 188. 192. Eclipfe of 
the moon at Luxembourg, p.193. Emerfion of %'s third fatellite, p.191. 
Comparative gravity of water obtained from the ice of fea-water with refpedfc t« 
other waters, p. 251. 

Degree of cold in which fea-water begins to freeze* p. 2^32-—234. 

Meteorological journal for the year 1775, and part of 1776, kept at the houfe of 
the Royal Society, for Jan. 1775, p. 3 10 -> 321. Feb. p. 322, 323. March, p. 
326, 327. April, p. 338, 329. May, p. 330, 331. June, p. 332, 333. July, 
P- 334 , 335 * Aug. p. 336, 337. Sept. p. 338, 339. Od. p. 340, 341. Nov. 
p. 34a, 343. Dec. p, 344, 34 5. For Jan. 1776, p. 346, 347. Feb. 348, 349. 
Greateft, leaft* and mean height, of the thermometer without and within, and 
of the barometer, during the foregoing months, p. 350, Variation-needle, p. 351. 
Dipping-needle, p. 352. 

An abridged view of the winds at London, for one year, beginning with March, 
1775, colle&ed from the meteorological journal of the Royal Society, p. 3*4. 
Sub-diviftonof the S. W, andN.E. p. 356. Sub-divifion of the S.E.and N.W. p. 357. 
A general date of the winds, according to the degrees in which they prevailed re- 
fpeftively, p. 357. 

The number of fair and frofty days in each half-month, and in the whole year, 
p. 360. 

For trial of the moon’s influence, p. 361* 

A general view of the winds and rain in the months of January and February 1775, 

p« $ 6 g» , . 

The general (late of the winds and rain for the twelve months, beginning with 

March 1773. p. 363. 

Rain in the quarter, half, and whole year, p. 366. 

State of the barometer in Briftol, for the year 1773, p. 367. 

An abridged table of the winds, &c. for Briftol, for the year 1775* p< 368* 

40.* 


State 
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Stale of the barometer and thermometer, with what rain fell, at Lyndon, in Rut* 

land, for the year 177 j', p. 37°‘ „ . 

The proportion that mean months bear to the whole years at fevernl periods, with 

refpeft to rain at Lyndon, in Rutland, p. 37 r* 

For applying a corre&ion to difcover an equal heat in the quickfilver of the ther¬ 
mometer, p. 377. 

Concerning the depreffion of quickfilver in the barometer, p. 38a. 

Obfervations made with the variation compafs belonging to the Royal Society, 


P- 39 z > 393* 

Obfervations made with the dipping-needle, p. 400. 

Experiments with a machine, determining what proportion or quantity of me¬ 
chanical power is expounded in giving the body different degrees of velocity. 


• p . 463. . , 

TetmhalL, an enumeration of its inhabitants in the year 1774, p. 105. 


Chrillenings 


and burials there, ibid. 

Tertianas, fo much dreaded in the ifland of Minorca, enquiry into the caufes of, 
p. 440—445. Two or three whole families died in confequence of putrid moillure, 
p. 445. Medicine ufed with fuccefs in this diforder, p, 446. • 

theorems for finding, in all cafes, the difference between the values of annuities pay¬ 
able yearly, and of the fame annuities payable half-yeafly, quarterly, or mo- 
taentty, p. 109—128. Sec Annuities* 

Theorems mathematical* 

If from the angles at the bafe of any right-lined triangle, right lines be drawn to the 
alternate angles of rhombi, deferibed upon the oppofice fides, and applied recipro¬ 
cally to the fides produced j and fram the vertex, through the interfeftion of thefe 
lines, a right line he drawn to meet the bafe: the fegtnents of the bafe, made 
thereby, will have to each other the duplicate proportion of the fides, p. 73, &c. 

If from the angles at the bafe of any right-lined triangle, right lines be drawn to the 
alternate angles of rMJ deferibed on the other two fides, and reciprocally applied 
to them produced, and through the interfeftion of thefe lines, a right line be drawn 
from the vertex to the bale; the reflangle contained by the fines of the angles at 
the extremities of one of the fides will be equal to the rcftangls contained by the 
fines of the angles at the extremities of the other j and the parallelepiped contained 
by the fines of the angles of one of thofe triangles, into which the original one is 
divided by the faid line drawn from the vertex, will be equal to the parallelepiped 
contained by the fines of the angles of the other, p. I;, 86. 

If from the angles at the hypotenufe of any right-angled right-lined triangle right 
lines be drawn to the alternate angles of fqftam deferibed on ‘the fides containing 
the right angle, and from the point where the 'right line drawn from the right 
angle, through their interfeftion, meets the bypotdnufe, right lines be drawn to 'the 
points, where thefe lines meet the fides j’the liries fit drawn "will make equal ingles 
dm hypotenufe, and the right Eac'dritwn from the right aagie to atofitj and 
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will likewife have to each other the proportion of the tides containing the right 
angle, p. 86—89. 

If from the angles at the bafe of any right-lined triangle, right lines be drawn to the 
alternate angles of rhomboids defcribed on the other two Tides, and reciprocally ap¬ 
plied to them produced, a right line drawn from the vertex through the interfeflioa of 
thefe lines will cut the bafe into two parts, having to each other the proportion 
compounded of the proportion of the tides, and of the propoitionof the other 
two lines comprehending the rhomboids,p, 89—91. 

Theorems, a demonfbration of two mentioned in art. xxv. of the Philofnplucal T*anf- 
actions for the year 1775, p. 600—603. 

Thermometer, Tome attempts to freeze its quickfilver, p. 174—177. See Quicljtlveu 
State of the thermometer in London throughout the year 1775, and part of *77^» 
p, 320—350. State of it within and without at Lyndon, in Rutland, for the year 
x775, p.370. Of the thermometers belonging to the Royal Society, with idleo* 
tions concerning fome precautions necelTary to be ufed in making experiments with 
ihofe inftruments, and in adjufling their fixed points, p. 371—385* For 
plying a corre&ion to difcover an equal heat in the quickfilver of the thermometer, 
p. 377. State of the thermometer at Northampton during the late froft, p. £88— 
590. An experiment with the thermometer to fee the effefl: of a high degree oi 
artificial cold added to the natural, p. 590. 

Thunlerg (Dr.), his narrow efcape from drowning, p. 286, 387. 

Ttdte, of thofe in the South fcas, p. 447. Ship fluck on a reef of ebrat rocks at ^ ig * 
water, ibid. Next tide not high enough to float her, ibid. Night-tide rofc big cr 
titan the day-tide, and floated the Ihip, p* 448* Times of high.water on the full 
and change days, ibid. Difference in the rife and fall of the evening and mormng- 


tide, ibid. Remarks thereon, p. 448, 449. 

Tigers and wolves, frightened by fires in the night-time, p. z88. 

Timt f a new method of finding it by eqfttfjMtudes, P* 9 * Former mcthod for Bl \ g 
time inconvenient, p. 93, 93. The JWfeveniencies removed by a new method, p. 
93. Manner of finding the truczenHh dlftance, p. 94, 95 * An example, P* 95 * 
More convenient manner of inferring mean time from the ftar ? s meridian pst aj e 
p# 96. An example, p. 97. The mean time of any obftrvadon made with a node 

may be inferred in a fimilar manner, p. 98* 4 

Tohmeo mixed with hemp, Hottentots fond of it, p. 299. # # . 

VerptA, an account of fome attempts to imitate its effefh by cleftricity, p. ’>) J * 
Apparatus, to examine how far the phenomena of the torpedo would agree with elw 
triefay, p, 304. axo. are. Sc t Elefirkity* 


Tmmm, Rue fits jefuites, its latitude, p. 195- 

ftwitting, in fome places of the fotuherii pnrt of Africa, laborious and fatiguing, p* 
373.377.379—381*283.289,293. 303, 304.307* 309. 313. $*S> 3 l6 * 
fntr Btrg to Bay Falfo, a large ft tidy plain in the fouthern part 6f Africa, JP- > 
Overgrown with ini Bite variety of plants, ibid. Fruitful country along t e ^ ^ ^ 
Tyger Berg, p. *70. " ‘ * 
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fjrww, in Hungary, obfemtions theie on the emeifionof fatellite, p. i8j, 

18^. The cincrlion of 1f.’s fecond fateltitc, p. 188. The minion ot 3 {\> tl< rd 
fetiiltc, p. u)i. 


U. 


Utrllian mountains, fome account of them, p. 528. 

Urine, its Wine natme initially makes buck Hood red, p. :) f| . An u egnt of a 
fujpieiTioii of mine cured by .v pnnfln.c made in the bind In tluou'h tin «#«> 
p. 53?. Diftrcfled condition of the patient, p, 578—^ilo. A d'kh.iigv id the mine 
by a punftuie into the bladder by the ana > propos'd, p, 3R0, 581. 'J he operation 
performed, p. 582. Progrcfs of the cute, p. s,8 —Some account of a like 
operation, p. 585. Calomel and opium the bell intcmul remedy {or fuppreffioas of 
urine, p. 585, 586. 


V. 


Van Helmut, his opinion concerning air in the blood, p. asfi, 529. 

Variation-empeji, belonging to the Royal Society, concerning it, p. 585—395, Ob- 
fervations made with it, p. 392, 393. 

Vegetation, a furprizing fpecics of, in Falkland Iflands, p. 105. 

Velocity, giving efferent degrees of to heavy bodies from a Hate of reft, in experi¬ 
mental exanriiuftion of the quantity and proportion of mechanic power neceffary 
to be employed in, p. 450- See Mechanic Power. 

Vergtft-holl, Hottentots ufe its juice to poifon their arrows, p. *77. 

Vteujfinius, his opinion concerning air in the blood, p. 329. 

Vinegar, not fo ferviceable in purifying a fliip as fire and fmoke, p. 404. 406. 

Vitriol, acids of, and of fea-falr, cxperimmjtt to fee how far they contribute to mine¬ 
ralize metallic and other fubftances, pJMHl, See Mineral Subjlams, 

Voyage round the world, the method taWnnfer preferving the health of the crew of 
his majefty’a ihlp the Refolutioa during it, p- 402, See Health, 

W. 


Water obtained from tie melted ice of fea-watei*, perfe&ly free from any tafta of 
fait, p. 350. Ift gravity with refpedl to other waters, p. 25 1. Frefti water very 
fcarce in fome places in the fouthem part of Africa, p. 300. 305. 307, 308. 31a, 
316. An experiment of parting freih-water from falt-water by freezing, p, 373, 
374. Remarks thereon, p. 374. Freih water produced from ice taken from the 
fea, ibid. Freih-water and cleanlinefs will prevent the feurvy amongft feamen > 


p. 405* 


Weeetrm, an enumeration of its inhabitants in the year 1774, p» 166, 
" afcd^ais, ibid. Great inemfe of inbabiaum there, p. rdj ^167, 


Chriftenings 

Wmt t 
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Wan, fri&ion of fealing-vm againfl fealing*wax, previously warmed, will make it 
defined, p- 515- 

Weather, an abridged ftate of it at London for one year, commencing with March 
1775, collc&ed from the meteorological journal of the Royal Society, p. 354. An 
abridged view of the winds during the year, ibid. What wind prevailed mod, p* 
355. Obfervations on the quantity of lain which fell during the year, ibid. Sub" 
divifionof the S. W. N. E. S, E, and 1 ST. W. wind for the year, p, 356, 357. A 
general Hate of the winds, according to the degrees in Which they prevailed re" 
fpt&ively, p, 357. Number of fair and frofty days in each half-month, and in the 
whole year, p, 358. Number of fnowy days in this year, and with what winds 
attended, ibid. < 5 icat fioft, with the Hate of the thermometer and wind during 
it, p. 338, 339. 8. W. wind gave more than two thirds of tie rain of the whole 
year, p. 339. Quantities of rain which fell fevcially with each wind in every 
month, and in the whole year, p. 360, Explanation of this tabic, p. 359. Table 
for trial of the moon’s influence on the weather, p. 361 Enquiry concerning the 
moon’s influence on the changes of the weather, p. 363. What winds attended the 
greateft monthly heights of the baiometer in this year, p. 363, 364. What winds 
accompanied the leaii monthly height, p. 364, A general view 0 1 the winds and, 
rain in the months of January and Februmy 1773, p. 36$. Gtn*ral ftate of the 
winds and rain for twelve months, beginning with March 1773, ibid. Quarterly* 
half-yearly, and year’s rain, p. 366. Weather in Crillolfor the year 177S>P* 3 68 ' 
369. Some account of it in the South of England for the fame year, p. 373. Alte¬ 
ration in the nature of eaft winds for fome years paft, ibid. General ftate of tho 
weather at Lyndon*dn Rutland, during the year 1773, p. 371— 373 ^ 

Weft Indies, 1719 obfervations on the variation of the compafs, to, in, and from 
there, the Eaft Indies, Guinea, and Mediterranean, with the latitude* and longi - * 
tudes at the time of obfervation, p. 18. See lattes* 

Whales, fpermaceti, abundance of, on the coaft of Falkland Iflands, p. 108* 

Wbitehurjl (Mr. John), his experiments on ignited fubftances, p. 375—37 7* 

Whytt (Dr*)> his opinion concerning air in the blood, p. 230. 

Wsdemrs, are but little more than half the number of widows in different places* 
p. 162. 

Widows* fee Widowers* * 

WilUam (the Conqueror), the firft paragraph of his laws in Latin, French, and Ro* 
manlh, p. 138, 139. 

Wind* from K. to S« in Falkland Iflands, very pernicious and blighting, p, tor, 102*. 
Wtnds, aft abridged view of them at London, for one year, beginning with March 
* 77 ^ P* 3 £ 4 * What winds prevailed moft, p* 333, Sub-divinon of SAW 
S.E. and N.W. wind for the year, p, 336, 357. A general ftate of the winds* 
according to the degrees in which they prevailed refpeftively, p* 357. S W, win* 
gave more than two-thirda of the rain of the whole year, j> 339* General ftate o ^ 
the winds and rain for twelve months, p. 365. What wintb accompanied the 
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greatcft monthly heights of the baiomcter in London for one year, commencing 
March 1775, p. 363, 364* What wind, accompanied its. luft monthly heights, 
p. 364. An abtidged table of the wini. for Riiftol in the year 177?, p. 368. An 
alteiation in the natuie of eaft winds lor Tome yens part, p. 373. Method of dif- 
nnguilhing the wind, in the journal at the Royal bonny's hoofe, p. 38 j. 

Wmttr Hod, one of the higheft mountains in the ioulhein part of Africa, p, 284, 

Wnte Ktip) an enormous granite ftone fo called, near the C tpc of Good Hope, p* 
278. 

Wolves and tigers, frightened by iites in the night-time, p. 288. 

Woods, in the fouthern part Of Africa, p* 274, 27$. 288, 289. 291. 293, 594* 

Woulfe (Mr. Peter), his experiments made in order to afeeruin the natuie of frine 
mineral fubftances; and, in particular, to fee how far the acids of fca-folt and of 
vitriol contribute to mineralize metallic and other fubftances, p. See Motet af 
Subfiances* 

*3 

Zebras, great herds of them near Rhinoceros Rivier, in the fouthern part of Africa, 

p-312, 

Zet-Koe Rivhr, in the fouthern part of Africa, formerly abounded with the hippo} 
lamus eemphtl'totts, p» 291. 

Zoophytes, their formation and growth, p. 1. &c. 

Zvmt Merg, a mountain in the fouthern part of Africa, an account of a hot bat! 
there, p. 274. 

Zwert Kop’s fdt pats, an account of it, p. 297 


"tin End of tie SIXTY-SIXTH V«ibm». 


V>t Number of Piatis in tiU Voturn, is SEVEN 



Page 

%2Q* 

* 3 t» 

3 2 * 

*42, 

36a, 

416* 

4+f* 

498* 


ERRATA, 

Line 

1* *« /w* branche rwi bianchei# 

12, for pai t this uad part of this, 
x a, for expement read experiment, 

14, for fuphurcous road fulphureous, 

3. fiom the bottom, for oommon read common, 
a, from the bottom, for cne read one, 
laft word of the page, for Both, read Thefe. 
left word of the p ige, for Nor read Now ♦ 

12, for unhealty nad unhealthy, 

in the note, for they do not admit a dark hair read they do not by choice 
admit a dark hair. 


4R 


v,i. txn 













